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ABSTRACT 



A double layer perpendicular magnetic recording medium 
having a high medium S/N ratio at a recording density of 50 
Gb/in or higher and a magnetic storage apparatus with a 
lower error rate and excellent reliability are provided. 

In a perpendicular magnetic recording medium in which a 
soft magnetic underlaycr 12, an intermediate layer 13 and a 
perpendicular magnetic recording layer 14 are sequentially 
formed on a substrate 11, the intermediate layer 13 is made 
to be a non-magnetic amorphous alloy, in which Ni is a main 
component and Zr is contained, and the soft magnetic 
underlayer 12 is constituted of ferromagnetic nano-crystals 
precipitated by annealing. 
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using ihe non-magnetic material underlayer are disclosed in: 
Japanese Patent Laid-open No. Sho 58(1983)-77025 and No. 
Sho 58(1983)-141435 gazettes in which Ti is used as the 
underlayer of a Co— Cr perpendicular magnetic recording 
layer; Japanese Patent Laid-open No. Sho 60(1985)-214417 
gazette in which Ge and Si are used as the underlayer; 
Japanese Patent Laid-open No. Sho 60(1985)-064413 
gazette in which an oxide such as CoO and NiO is used as 
the underlayer; and Japanese Patent Laid-open No. 2000- 
30236 gazette in which MgO is used. 

[0010] When the present inventors considered applying 
such non -magnetic underlayer materials for the intermediate 
layer of the double layer perpendicular magnetic recording 
medium, various problems have become clear. In the double 
layer perpendicular magnetic recording medium, since the 
intermediate layer is formed on the soft magnetic under- 
layer, a microstructure of the intermediate layer receives an 
influence in the case where poly-crystalline materials such 
as Ni — Fe and Fe — Al — Si and where amorphous materials 
such as Co — Nb — Tx and Co — ^Ta — Zr are used for the soft 
magnetic underlayer. As a result, the c-axis vertical orien- 
tation and the magnetic property of the perpendicular mag- 
netic recording layer change significantly. For example, 
when Ti is used for the intermediate layer, although it shows 
a relatively good property on the amorphous soft magnetic 
underlayer, the c-axis vertical orientation of the perpendicu- 
lar magnetic recording layer is degraded on the poly- 
crystalline soft magnetic underlayer, there is seen a tendency 
that a sufficient magnetic property cannot be obtained. In 
addition, in the double layer perpendicular magnetic record- 
ing medium, it is effective that a film thickness of the 
intermediate layer is made to be thinner in order to increase 
recording and reproduction efficiency. However, for 
example, when the amorphous material such as Ge is used 
for the intermediate layer, it is difficuh to make the inter- 
mediate layer thin because diffusion easily occurs at the 
interface. 

[0011] The present inventors, after considering various 
materials for the intermediate layer to be formed between 
the soft magnetic underlayer and the perpendicular magnetic 
recording layer, found out the following. When the non- 
magnetic amorphous alloy is used, in which Ni is made to 
be a main component and Zr is contained, the perpendicular 
orientation of the perpendicular magnetic recording layer 
becomes strong and small crystal grains are obtained 
(regardless of) whether the microstructure of the soft mag- 
netic underlayer is poly-crystalline or amorphous. With a 
composition of the intermediate layer of an Ni — Zr series 
alloy, the above -described effect is obtained when the layer 
is non-magnetic and amorphous. By adding al least one kind 
of element of Nb and Ta, the non-magnetic and amorphous 
intermediate layer can be formed under various film forming 
processing conditions. When the intermediate layer of the 
present invention is used, a change of magnetic property 
owing to the film thickness of the intermediate layer is small, 
and deterioration of the magnetic property is not seen even 
in the case where the fihn thickness is as thin as 2 nm. In 
other words, an influence of the structure and magnetization 
of the soft magnetic underlayer to the perpendicular mag- 
netic recording layer can be efficiently cut off. The reason is 
considered that the material for the intermediate layer of the 
present invention has a smaller interfacial diffusion and a 
higher covering ratio in comparison with the amorphous 
material such as Ge, Si and C. The film thickness of the 



intermediate layer is preferably 2 nm or more and 20 nm or 
less in order to break a magnetic coupling between the soft 
magnetic underlayer and the perpendicular magnetic record- 
ing layer, and to increase the recording-reproduction effi- 
ciency. Moreover, the material for the intermediate layer of 
the present invention can be also used for the underlayer of 
the single layer perpendicular magnetic recording medium. 

[0012] Reduction of the medium noise originated in the 
soft magnetic underlayer is attained, in the perpendicular 
magnetic recording medium where the soft magnetic under- 
layer, the intermediate layer and the perpendicular magnetic 
recording layer are sequentially formed on the substrate, by 
constituting the soft magnetic underlayer with ferromagnetic 
nano-crystals precipitated by annealing. 

[0013] Heretofore, as the material for the soft magnetic 
underiayer, the poly-crystalline materials such as Ni — Fe 
and Fe — Al — Si and the amorphous materials such as 
Co — Nb — Zr and Co — Ta — Zr have been proposed. The 
present inventors found out that the spike noise seen in the 
conventional soft magnetic underlayer materials can be 
reduced and the transition noise originated in the soft 
magnetic underlayer can be also reduced when a material is 
used for the soft magnetic underlayer, the material such is 
substantially amorphous and has a small saturation magnetic 
flux density at the time of film forming, in which ferromag- 
netic nano-crystals are precipitated and a high saturation 
magnetic flux density is obtained by annealing. As a pre- 
cipitated ferromagnetic nano-crystal, any of a-Fe, fcc-Co 
and hcp-Co is effective, but a-Fe is the most desirable 
because a low coercivity and a high saturation magnetic flux 
density can be easily obtained. For example, when the soft 
magnetic underlayer is adopted where the a-Fe nano-crys- 
tals were precipitated, elements and compositions of the soft 
magnetic underlayer materials are not specifically limited as 
long as the materials precipitate the a-Fe nano-crystals. 
Specific examples of the materials are an Fe — ^Ta — C aUoy, 
an Fe— Hf— C alloy, an Fe— Zr— C alloy, an Fe— Nb— C 
alloy, an Fe — ^Ti — C alloy and the like. When any of these 
materials is used and annealing suitable for each of the 
materials is performed, a-Fe nano-crystals can be uniformly 
precipitated. Moreover, the a-Fe nano-crystals can be also 
obtained by sputtering an Fe — ^Ta aUoy or an Fe — ^Hf alloy 
in an Ar/Nj mixed gas. 

[0014] Generally speaking, the soft magnetic underiayer 
can be made to be the one that contains Fe as a first element, 
at least one of C and N as a second element, and at least one 
kind of element selected from Ta, Hf, Nb, Ti and Zr as a third 
element. The soft magnetic underlayer has a small spike 
noise even if it is directly used. However, when a pinning 
layer utilizing an interlayer anti-ferromagnetic coupling or a 
ferromagnetic coupling is provided between the soft mag- 
netic underlayer and the substrate to control the magnetic 
domains, the spike noise is more effectively reduced. 

[0015] As the perpendicular magnetic recording layer to 
be used for the perpendicular magnetic recording medium of 
the present invention, a Co — Cr — Pt alloy, a Co— Cr — Pt — 
Ta alloy, a Co — Cr — Pt — B alloy and the like can be used. 
As a protective layer of a perpendicular magnetic recording 
layer, a film having a film thickness of 3 nm or more and 10 
nm or less with carbon as a main component is formed, in 
addition, a lubricant layer such as perfluoroalkylpolyether or 
the like is formed in the film thickness of 1 nm or more and 
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(54) VERTICAL MAGNETIC RECORDING MEDIUM AND MAGNETIC STORAGE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a two-layered 
vertical magnetic recording medium having >50 Gbit/in2 
recording density and high medium S/N and to provide a 
magnetic storage device having a low error rate and 
excellent reliability. 

SOLUTION: In the vertical magnetic recording medium 
formed by successively laminating a pre-coated layer 12, 
a soft magnetic base layer 13, an intermediate layer 14 
and a vertical recording layer 1 5 on a substrate 11 , the 
soft magnetic base layer 13 consists essentially of Fe, 
Ta and C and has >8 at.% and <15 at.% Ta 
concentration and the ratio of C connection to the Ta 
concentration (C concentration/Ta concentration) of ^0.5 
and <0.9. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. \ 

3 In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] It is the vertical-magnetic-recording medium which it has the soft-magnetism ground layer 
formed on the substrate, the nonmagnetic interlayer formed on this soft-magnetism ground layer, and the 
vertical recording layer formed on this interlayer, and the aforementioned soft-magnetism ground layer 
contains Fe, and Ta and C, and is characterized by this Ta concentration being less than [ more than 
8at%15at%]. 

[Claim 2] The vertical -magnetic-recording medium by which the ratio (Ta concentration / C 
concentration) of the aforementioned Ta concentration and C concentration is characterized by or more 
0.5 being 0.9 or less in a vertical-magnetic-recording medium according to claim 1 . 
[Claim 3] The vertical -magnetic-recording medium characterized by amorphous or nonmagnetic having 
a microcrystal precoat layer between the aforementioned substrate and the aforementioned soft- 
magnetism ground layer in a vertical -magnetic-recording medium according to claim 1 or 2. 
[Claim 4] The soft-magnetism ground layer formed on the substrate. The nonmagnetic interlayer formed 
on this soft-magnetism ground layer. The vertical recording layer formed on this interlayer. It is the 
vertical-magnetic-recording medium equipped with the above, and when coercive force within a field of 
the aforementioned soft-magnetism ground layer which impressed and measured the magnetic field in 
the head run direction at the temperature of 298K and 173K is set to He (298K) and He (173KX 
respectively, He (298K) is 1 or less Oe, and it is characterized by He (173K) being 3 or more Oes. 
[Claim 5] It is the vertical-magnetic-recording medium which He (298K) is 1 or less Oe when coercive 
force within a field of the aforementioned soft-magnetism ground layer which impressed and measured 
the magnetic field in the head run direction at the temperature of 298K and 173K in the vertical- 
magnetic-recording medium of a publication in any 1 term of claims 1-3 is set to He (298K) and He 
(173K), respectively, and is characterized by He (173K) being 3 or more Oes. 
[Claim 6] The mechanical component which drives a vertical-magnetic-recording medium and this 
vertical-magnetic-recording medium given in any 1 term of claims 1-5 in the record direction, The 
magnetic head equipped with the Records Department and the reproduction section, and a means to 
make the aforementioned magnetic head motion relatively to the aforementioned vertical-magnetic- 
recording medium, Magnetic storage characterized by consisting of high sensitivity elements for which 
it has a record regeneration means for performing output signal reproduction from the signal input of the 
aforementioned magnetic head, and this magnetic head, and the aforementioned magnetic-head 
reproduction section used the magnetoresi stance effect or the magnetic tunnel effect. 
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ANSWER 1 OF 13 REGISTRY COPYRIGHT 2003 ACS 
488118-50-9 REGISTRY 

Iron alloy, base, Fe 94-100, Mn 0-1. 5, Si 0-1. 5, Cr 0-0. 8, Mo 0-0. 8, V 0-0. 3, C 
0.1-0. 2, Hf 0-0. 2, Ni 0-0. 2, Ta 0-0. 2, Ti 0-0. 2, Zr 0-0.2 (9CI) (CA INDEX 
NAME) 

C . Cr . Fe . Hf . Mn . Mo . Ni . Si . Ta . Ti . V . Zr 

AYS 

CA 

STN Files: CA, CAPLUS 



Component 



Component 
Percent 



Component 
Registry Number 



Fe 


94 


• 100 




7439-89-6 


Mn 


0 


1. 


.5 


7439-96-5 


Si 


0 


1. 


.5 


7440-21-3 


Cr 


0 


0. 


.8 


7440-47-3 


Mo 


0 


0. 


.8 


7439-98-7 


V 


0 


0. 


.3 


7440-62-2 


C 


0.1 - 


0. 


.2 


7440-44-0 


Hf 


0 


0 , 


.2 


7440-58-6 


Ni 


0 


0 . 


.2 


7440-02-0 


Ta 


0 


0. 


.2 


7440-25-7 


Ti 


0 


0. 


.2 


7440-32-6 


Zr 


0 


0, 


.2 


7440-67-7 



1 REFERENCES IN FILE CA (1962 TO DATE) 



1 REFERENCES IN FILE CAPLUS (1962 TO DATE) 



L2 ANSWER 2 OF 13 REGISTRY COPYRIGHT 2003 ACS 

RN 464216-24-8 REGISTRY 

CN Iron alloy, base, Fe 1.2-99, Co 0-21, Cr 0-21, W 0-20, V 0-15, Mo 0-10, C 
0.5-3. 7, Mn 0-2. 9, Nb 0-2, Ta 0-2, Ni 0-1, S 0-0.5 (9CI) (CA INDEX NAME) 

MF C . Co . Cr . Fe . Mn . Mo . Nb . Ni . S . Ta . V . W 

CI AYS 

SR CA 

LC STN Files: CA, CAPLUS, USPATFULL 

Component Component Component 

Percent Registry Number 



Fe 


1, 


2 - 


99 




7439-89-6 


Co 


0 




21 




7440-48-4 


Cr 


0 




21 




7440-47-3 


W 


0 




20 




7440-33-7 


V 


0 




15 




7440-62-2 


Mo 


0 




10 




7439-98-7 


C 


0. 


,5 - 


3. 


.7 


7440-44-0 


Mn 


0 




2 . 


.9 


7439-96-5 


Nb 


0 




2 




7440-03-1 


Ta 


0 




2 




7440-25-7 


Ni 


0 




1 




7440-02-0 


S 


0 




0. 


.5 


7704-34-9 



1 REFERENCES IN FILE CA (1962 TO DATE) 

1 REFERENCES IN FILE CAPLUS (1962 TO DATE) 

L2 ANSWER 3 OF 13 REGISTRY COPYRIGHT 2 003 ACS 
RN 406459-96-9 REGISTRY 

CN Iron alloy, base, Fe 79-99, Ni 0-5, Si 0-4, Cr 0-2, Mn 0-2, Mo 0-2, V 0-2, C 

0.3-l,Cu 0-1, Ta 0.5,Ti 0-0. 5, W 0-0. 5, Nb 0-0. 2, Al 0-0.1 (9CI) (CA INDEX 
NAME) 

MF C . Al . Cr . Cu . Fe . Mn . Mo . Nb . Ni . Si . Ta . Ti . V . W 

CI AYS 
SR CA 

LC STN Files: CA, CAPLUS 

Component Component Component 

Percent Registry Number 



Fe 


79 


- 99 




7439-89-6 


Ni 


0 


5 




7440-02-0 


Si 


0 


4 




7440-21-3 


Cr 


0 


2 




7440-47-3 


Mn 


0 


2 




7439-96-5 


Mo 


0 


2 




7439-98-7 


V 


0 


2 




7440-62-2 


C 


0.3 


1 




7440-44-0 


Cu 


0 


1 




7440-50-8 


Ta 




0.5 




7440-25-7 


Ti 


0 


0. 


5 


7440-32-6 


W 


0 


0. 


5 


7440-33-7 


Nb 


0 


0. 


2 


7440-03-1 


Al 


0 


0. 


1 


7429-90-5 



1 REFERENCES IN FILE CA (1962 TO DATE) 

1 REFERENCES IN FILE CAPLUS (1962 TO DATE) 

L2 ANSWER 4 OF 13 REGISTRY COPYRIGHT 2003 ACS 
RN 278614-53-2 REGISTRY 

CN Steel, Fe 98-100, Mn 0-1. 5, Si 0-0. 4, Al 0-0. 1,C 0-0.1,Nb 0-0.1,Ta 0-0. 1,V 



0-0.1 (9CI) (CA INDEX NAME) 
MF C . Al . Fe . Mn . Nb . Si . Ta . V 
CI AYS 
SR CA 

LC STN Files: CA, CAPLUS 



Component Component Component 

Percent Registry Number 

Fe 98 - 100 7439-89-6 

Mn 0 - 1.5 7439-96-5 

Si 0 - 0.4 7440-21-3 

Al 0 - 0.1 7429-90-5 

C 0 - 0.1 7440-44-0 

Nb 0 - 0.1 7440-03-1 

Ta 0 - 0.1 7440-25-7 

V 0 - 0.1 7440-62-2 



1 REFERENCES IN FILE CA (1962 TO DATE) 

1 REFERENCES IN FILE CAPLUS (1962 TO DATE) 



L2 ANSWER 5 OF 13 REGISTRY COPYRIGHT 2003 ACS 
RN 263273-77-4 REGISTRY 

CN Iron alloy, base, Fe 96-100, Mn 0-1. 5, Cr 0-0. 5, Cu 0-0. 5, Mo 0-0. 5, Ni 

0-0. 5, Si 0-0. 4, Al 0-0. 1,C 0-0.1,Nb 0-0.1,Ta 0-0. 1,V 0-0.1 (9CI) (CA INDEX 
NAME) 

MF C . Al . Cr . Cu . Fe . Mn . Mo . Nb . Ni . Si . Ta . V 
CI AYS 
SR CA 

LC STN Files: CA, CAPLUS 



Component Component Component 

Percent Registry Number 
=========+=============+=============== 



Fe 


96 


- 100 




7439-89-6 


Mn 


0 


1. 


.5 


7439-96-5 


Cr 


0 


0. 


.5 


7440-47-3 


Cu 


0 


0. 


.5 


7440-50-8 


Mo 


0 


0. 


.5 


7439-98-7 


Ni 


0 


0. 


.5 


7440-02-0 


Si 


0 


0. 


.4 


7440-21-3 


Al 


0 


0. 


. 1 


7429-90-5 


C 


0 


0. 


.1 


7440-44-0 


Nb 


0 


0. 


.1 


7440-03-1 


Ta 


0 


0. 


.1 


7440-25-7 


V 


0 


0, 


.1 


7440-62-2 



1 REFERENCES IN FILE CA (1962 TO DATE) 

1 REFERENCES IN FILE CAPLUS (1962 TO DATE) 



L2 ANSWER 6 OF 13 REGISTRY COPYRIGHT 2003 ACS 

RN 226572-63-0 REGISTRY 

CN Iron alloy, base, Fe 79-100, Cr 0-6, Ni 0-5, Si 0-2. 5, Co 0-2, Mn 0-2, Cu 0-1, Mo 

0-1, C 0.4-0. 8, Nb 0-0. 3, V 0-0. 3, Ta 0-0.1,Ti 0-0.1 (9CI) (CA INDEX NAME) 

MF C . Co . Cr . Cu . Fe . Mn . Mo . Nb . Ni . Si . Ta . Ti . V 

CI AYS 

SR CA 

LC STN Files: CA, CAPLUS 



Component Component Component 

Percent Registry Number 



Fe 79 - 100 7439-89-6 

Cr 0-6 7440-47-3 



Ni 


0 


5 




7440-02-0 


Si 


0 


2. 


.5 


7440-21-3 


Co 


0 


2 




7440-48-4 


Mn 


0 


2 




7439-96-5 


Cu 


0 


1 




7440-50-8 


Mo 


0 


1 




7439-98-7 


C 


0.4 - 


0, 


. 8 


7440-44-0 


Nb 


0 


0. 


.3 


7440-03-1 


V 


0 


0, 


.3 


7440-62-2 


Ta 


0 


0. 


.1 


7440-25-7 


Ti 


0 


0. 


.1 


7440-32-6 



1 REFERENCES IN FILE CA (1962 TO DATE) 

1 REFERENCES IN FILE CAPLUS (1962 TO DATE) 

L2 ANSWER 7 OF 13 REGISTRY COPYRIGHT 2003 ACS 

RN 226572-62-9 REGISTRY 

CN Iron alloy, base, Fe 81-100, Cr 0-6, Ni 0-5, Si 0-2. 5, Mn 0-2, Cu 0-1, Mo 0-1, 

0.4-0. 8, Nb 0-0. 3, V 0-0. 3, Ta 0-0.1,Ti 0-0.1 (9CI) (CA INDEX NAME) 

MF C . Cr . Cu . Fe . Mn . Mo . Nb . Ni . Si . Ta . Ti . V 

CI AYS 

SR CA 

LC STN Files: CA, CAPLUS 

Component Component Component 

Percent Registry Number 



Fe 


81 


- 100 




7439-89-6 


Cr 


0 


6 




7440-47-3 


Ni 


0 


5 




7440-02-0 


Si 


0 


2, 


.5 


7440-21-3 


Mn 


0 


2 




7439-96-5 


Cu 


0 


1 




7440-50-8 


Mo 


0 


1 




7439-98-7 


C 


0.4 - 


0. 


.8 


7440-44-0 


Nb 


0 


0, 


.3 


7440-03-1 


V 


0 


0. 


.3 


7440-62-2 


Ta 


0 


0. 


.1 


7440-25-7 


Ti 


0 


0. 


.1 


7440-32-6 



1 REFERENCES IN FILE CA (1962 TO DATE) 

1 REFERENCES IN FILE CAPLUS (1962 TO DATE) 

L2 ANSWER 8 OF 13 REGISTRY COPYRIGHT 2003 ACS 

RN 225648-92-0 REGISTRY 

CN Iron alloy, base, Fe 20-100, Al 0-32, Ni 0-30, Cr 0-10, Mo 0-2, Si 0-2, Nb 

0-1, Ta 0-1, Zr 0-1, Y 0-0. 5, C 0-0. 3, B 0-0.1 (9CI) (CA INDEX NAME) 

MF C . Al . B . Cr . Fe . Mo . Nb . Ni . Si . Ta . Y . Zr 

CI AYS 

SR CA 

LC STN Files: CA, CAPLUS, USPATFULL 

Component Component Component 

Percent Registry Number 



Fe 


20 


- 100 


7439-89-6 


Al 


0 


- 32 


7429-90-5 


Ni 


0 


- 30 


7440-02-0 


Cr 


0 


- 10 


7440-47-3 


Mo 


0 


2 


7439-98-7 


Si 


0 


2 


7440-21-3 


Nb 


0 


1 


7440-03-1 


Ta 


0 


1 


7440-25-7 


Zr 


0 


1 


7440-67-7 



Y 
C 
B 



0 - 0.5 7440-65-5 
0 - 0.3 7440-44-0 
0 - 0.1 7440-42-8 



1 REFERENCES IN FILE CA (1962 TO DATE) 
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RN 196087-71-5 REGISTRY 

CN Steel, Fe 99, C 0.4,Ta 0.4 (9CI) (CA INDEX NAME) 

MF C . Fe . Ta 

CI AYS 

SR CA 

LC STN Files: CA, CAPLUS 



Component Component Component 

Percent Registry Number 

= = := = = = = = = + = = = = = = = = = = = = = + = = = = = = = = = = = = = = = 

Fe 99 7439-89-6 

C 0.4 7440-44-0 

Ta 0.4 7440-25-7 



1 REFERENCES IN FILE CA (1962 TO DATE) 

1 REFERENCES IN FILE CAPLUS (1962 TO DATE) 



L2 ANSWER 10 OF 13 REGISTRY COPYRIGHT 2003 ACS 

RN 152317-92-5 REGISTRY 

CN Iron alloy, base, Fe 28-100, Ta 0-68, C 0-4.5 {9CI) (CA INDEX NAME) 
OTHER NAMES: 

CN Carbon 0-30, iron 40-100, tantalum 0-30 (atomic) 

MF C . Fe . Ta 

CI AYS 

SR CA 

LC STN Files: CA, CAPLUS 



Component Component Component 

Percent Registry Number 

Fe 28 - 100 7439-89-6 

Ta 0-68 7440-25-7 

C 0 - 4.5 7440-44-0 



1 REFERENCES IN FILE CA (1962 TO DATE) 

1 REFERENCES IN FILE CAPLUS (1962 TO DATE) 



L2 ANSWER 11 OF 13 REGISTRY COPYRIGHT 2003 ACS 

RN 82664-68-4 REGISTRY 

CN Steel, (CK-Besten 60Y) (9CI) (CA INDEX NAME) 

OTHER NAMES: 

CN CK-BESTEN 60 Y 

MF C . Fe . Mn . Nb . Si . Ta . V 

CI AYS 

LC STN Files: CA, CAPLUS 



Component Component Component 

Percent Registry Number 



Fe 98 - 100 7439-89-6 

Mn 0 - 1.5 7439-96-5 

Si 0 - 0.6 7440-21-3 

C 0 - 0.2 7440-44-0 

Nb 0 - 0.1 7440-03-1 

Ta 0 - 0.1 7440-25-7 

V 0 - 0.1 7440-62-2 
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RN 58126-55-9 REGISTRY 

CN Iron alloy, base, Fe 78-100, Be 0-5, Nb 0-5, Ta 0-5, Zr 0-5, C 0.3-1.6 (9CI) 

(CA INDEX NAME) 

MF C . Be . Fe . Nb . Ta . Zr 

CI AYS 

LC STN Files: CA, CAPLUS 

Component Component Component 

Percent Registry Number 

z= = = = = = = = = + = = = = = = = = = = = = = + = = = = = = = = = = = = = = = 



Fe 


78 


- 100 


7439-89-6 


Be 


0 


5 


7440-41-7 


Nb 


0 


5 


7440-03-1 


Ta 


0 


5 


7440-25-7 


Zr 


0 


5 


7440-67-7 


C 


0.3 - 


1.6 


7440-44-0 
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RN 56036-87-4 REGISTRY 

CN Iron alloy, base, Fe 93-100, Si 0-2, Mn 0-1. 5, Mo 0-0. 6, Nb 0-0. 6, Ta 0-0. 6, Zr 

0-0. 6, Ti 0-0. 4, V 0-0.4, C 0-0.1 {9CI) (CA INDEX NAME) 

MF C . Fe . Mn . Mo . Nb . Si . Ta . Ti . V . Zr 

CI AYS 

LC STN Files: CA, CAPLUS 

Component Component Component 

Percent Registry Number 
=========+=============+=============== 



Fe 


93 


- 100 




7439-89-6 


Si 


0 


2 




7440-21-3 


Mn 


0 


1 


.5 


7439-96-5 


Mo 


0 


0 


.6 


7439-98-7 


Nb 


0 


0 


.6 


7440-03-1 


Ta 


0 


0 


.6 


7440-25-7 


Zr 


0 


0 


.6 


7440-67-7 


Ti 


0 


0 


.4 


7440-32-6 


V 


0 


0 


.4 


7440-62-2 


C 


0 


0 


.1 


7440-44-0 
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L7 ANSWER 1 OF 1 HCAPLUS COPYRIGHT 2003 ACS 
AN 1994:8234 8 HCAPLUS 
DN 120 :82348 

TI APFIM Studies of nanostructured magnetic materials 
AU Hono , K . ; Sakurai , T . 

CS Inst. Mater. Res., Tohoku Univ., Sendai, 980, Japan 

SO Annales de Chimie (Paris, France) (1993), 18(5-6), 311-18 

CODEN: ANCPAC; ISSN: 0151-9107 
DT Journal; General Review 
LA English 

CC 55-0 (Ferrous Metals and Alloys) 
Section cross-reference (s) : 77 

AB This paper reviews, with 22 ref s . , the authors' recent atom probe studies 
of nanostructured magnetic materials such as nanocryst. iron 
based soft magnetic materials (Fe-Si-B-Nb-Cu and Fe-Ta-C) for 
recording head applications and Co-Cr thin films for recording media 
applications . 

ST review iron soft magnetic alloy; cobalt chromium film recording 



review 

IT Recording materials 

(magnetic, atom probe studies of nanostructured) 
IT 119635-71-1, Finemet 152317-92-5, Carbon 0-30, iron 40-100, 
tantalum 0-30 (atomic) 152654-03-0, Co22Cr 
RL: PROC (Process) 

(nanostructure evaluation of) 
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L9 ANSWER 1 OF 41 HCAPLUS COPYRIGHT 2003 ACS 
AN 2002:886540 HCAPLUS 

DN 137:379089 

TI Perpendicular magnetic recording medium and its use in 

magnetic memory device 
IN Sakamoto, Harumi; Matsunuma, Satoru; Yano, Akira; Takayama, Takanobu; 

Konuma, Takeshi; Baba, Masahiko; Takeuchi, Teruaki; Fujita, Shiochi 
PA Hitachi Maxell Ltd., Japan 
SO Jpn. Kokai Tokkyo Koho, 8 pp. 

CODEN: JKXXAF 
DT Patent 
LA Japanese 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI JP 2002334415 A2 20021122 JP 2001-133878 20010501 

PRAI JP 2001-133878 20010501 
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PA Hitachi Maxell Ltd., Japan 
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DT Patent 
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PATENT NO. KIND DATE APPLICATION NO. DATE 



PI JP 2002304715 A2 20021018 JP 2001-110427 20010409 

PRAI JP 2001-110427 20010409 
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DT Patent 
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SO PCT Int. Appl., 34 pp. 
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JP 2001-330469 A 20011029 
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Komag, Inc., San Jose, CA, 95131, USA 
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CS Central Research Laboratory, Hitachi Ltd., Kokubunji-shi, Tokyo, 185-86 
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SO Journal of Magnetism and Magnetic Materials (2002), 242-245 (Pt. 1), 
325-327 
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TI Metal core recession and head stain studies of MIG heads sliding against 

cobalt -doped gamma iron oxide and metal particle tapes 
AU Tsuchiya, Toshio; Bhushan, Bharat 

CS Dep. of Mechanical Engineering, The Ohio State University, Columbus, OH, 
43210, USA 

SO Tribology Transactions (1995), 38(4), 941-9 

CODEN: TRTRE4; ISSN: 104 0-2 004 
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DT Journal 
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Eur. Pat. Appl., 23 pp. 
CODEN: EPXXDW 
Patent 
English 
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Carbon-iron-tantalum alloy magnetic thin film, its manufacture, and 
magnetic head 

Moichi; Koiso, Yoshitsugu; 



IN Kirino, Fumyoshi; Ootomo, 
PA Hitachi Ltd, Japan 
SO Jpn. Kokai Tokkyo Koho, 6 pp. 

CODEN: JKXXAF 
DT Patent 
LA Japanese 
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PATENT NO. KIND DATE 
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Sintered sputtering targets and magnetic thin films and thin film magnetic 
heads manufactured from them 

Kikuchi, Makoto; Ishigami, Takashi; Sakai, Akira; Sawa, Takao 
Tokyo Shibaura Electric Co, Japan 
Jpn, Kokai Tokkyo Koho, 9 pp. 
CODEN: JKXXAF 
Patent 
Japanese 
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TI Sputtering targets for magnetic films and manufacture thereof, and 
iron-metal -carbon soft magnetic films and manufacture thereof, and 
magnetic heads and magnetic recording reproduction 
apparatus therewith 



IN Kazuyasu, Mutsuo; Yasukochi, Masaya; Aoki, Shigeo 

PA Hitachi Metals Ltd, Japan; Yasugi Seimitsu Kk; Hitachi Ltd 

SO Jpn. Kokai Tokkyo Koho, 9 pp, 

CODEN: JKXXAF 
DT Patent 
LA Japanese 
FAN.CNT 1 

PATENT NO. KIND DATE 



PI 
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PA Hitachi Ltd, Japan 

SO Jpn. Kokai Tokkyo Koho, 6 pp. 
CODEN: JKXXAF 

DT Patent 

LA Japanese 
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TI Soft magnetic properties of carbide-dispersed nanocrystalline films with 

high thermal stability 
AU Hasegawa, N. ; Saito, M. ; Kataoka, N.; Fujimori, H. 
CS Niigata Div. , Alps Electr. Co., Ltd., Higashi-Takami , Japan 
SO Journal of Materials Engineering and Performance (1993), 2(2), 181-92 

CODEN: JMEPEG; ISSN: 1059-9495 
DT Journal 
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TI Iron-based ferromagnetic film 
IN Katsuki, Toshiyuki 

PA Matsushita Electric Industrial Co., Ltd., Japan 
SO U.S. , 7 pp. 
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DT Patent 
LA English 
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PATENT NO. 
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DN 120:82348 

TI APFIM Studies of nanostructured magnetic materials 

AU Hono, K. ; Sakurai, T. 



CS Inst. Mater. Res., Tohoku Univ., Sendai, 980, Japan 

SO Annales de Chimie (Paris, France) (1993), 18(5-6), 311-18 

CODEN: ANCPAC; ISSN: 0151-9107 
DT Journal; General Review 
LA English 
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TI Anticorrosive iron base ferromagnetic films and magnetic heads therefrom 

IN Nakamura, Hitoshi; Ootomo, Moichi; Koiso, Yoshitsugu 

PA Hitachi, Ltd., Japan 

SO Jpn. Kokai Tokkyo Koho, 5 pp. 

CODEN: JKXXAF 
DT Patent 
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PATENT NO. KIND DATE APPLICATION NO. DATE 
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TI Iron alloy-nitride multilayer magnetic film and magnetic head using it 
IN Nakamura, Hitoshi; Kobayashi, Toshio; Nakatani, Ryoichi; Kumasaka, 

Takayuki 
PA Hitachi, Ltd., Japan 
SO Jpn. Kokai Tokkyo Koho, 5 pp. 

CODEN: JKXXAF 
DT Patent 
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PATENT NO. KIND DATE APPLICATION NO. DATE 
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TI Iron-tantalum-carbon alloy magnetic film and magnetic head using it 
IN Suwabe, Shigekazu; Nishiyama, Shunichi 
PA Hitachi Metals, Ltd., Japan 
SO Jpn. Kokai Tokkyo Koho, 7 pp. 

CODEN: JKXXAF 
DT Patent 
LA Japanese 
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PATENT NO. KIND DATE APPLICATION NO. DATE 
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TI Magnetic recording head containing iron alloy soft 

magnetic film 
IN Hasegawa, Naoya 
PA Alps Electric Co., Ltd., Japan 
SO Jpn. Kokai Tokkyo Koho, 5 pp. 
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DT Patent 
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TI Carbide-dispersed soft magnetic films "Nanomax" with the high Bs and 

thermal stability 
AU Hasegawa, Naoya; Saito, Masamichi 
CS Alps Electr. Co., Ltd., Niigata, Japan 
SO Nippon Kinzoku Gakkai Kaiho (1991), 30(4), 313-15 

CODEN: NKZKAU; ISSN: 0021-4426 
DT Journal; General Review 
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DT Journal 
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TI Crystallization behavior of Fe-M-C (M = titanium, zirconium, hafnium, 

vanadium, niobium, tantalum) films 
AU Hasegawa, N.; Saito, M. ; Kojima, A.; Makino, A.; Misaki, Y.; Watanabe, T, 
CS Niigata Div., Alps Electr. Co., Ltd., Niigata, 946, Japan 
SO Nippon Oyo Jiki Gakkaishi (1990), 14(2), 319-22 
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DT Journal 
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them 
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TI Low-noise FeTaC underlayer for double -layered perpendicular recording 

media 

AU Tanahashi, K. ; Kikukawa, A.; Takahashi, Y.; Hosoe, Y. ; Futamoto, M. 
CS Central Research Laboratory, Hitachi Ltd., Kokubunj i-shi , Tokyo, 185-8601, 
Japan 

SO Journal of Magnetism and Magnetic Materials (2002), 242-245 (Pt. 1), 
325-327 

CODEN: JMMMDC; ISSN: 0304-8853 
PB Elsevier Science B.V. 

DT Journal 
LA English 

CC 77-1 (Magnetic Phenomena) 

Section cross-reference (s) : 56 

AB We have investigated the effect of the alloy compn. of FeTaC soft-magnetic 
underlayers on the noise properties of double -layered perpendicular 
recording media. Media noise is found to be strongly dependent on the 
FeTaC alloy compn. Low-noise properties are obsd. when the Ta and C 
contents are 8-10 and 10-16 at%, resp. Low-noise FeTaC underlayers are 
composed of small ( . apprx. . apprxeq. 0 nm) .alpha. -Fe grains with a 
3D-random orientation. 

ST iron tantalum carbon underlayer double layered perpendicular recording 
medium 

IT Coercive force (magnetic) 
Magnetization 
Micros tructure 

(low-noise FeTaC underlayer for double -layered NiTaZr/CoCrPt 
perpendicular recording media characterized via) 
IT Magnetic recording materials 

(perpendicular; low-noise FeTaC underlayer for double -layered 
NiTaZr/CoCrPt perpendicular recording media) 
IT 91033-96-4 151582-68-2, Carbon 12, iron 80, tantalum 8 (atomic) 
160536-74-3, Carbon 8, iron 84, tantalum 8 (atomic) 
180028-42-6, Carbon 12, iron 78, tantalum 10 (atomic) 
195534-26-0, Carbon 16, iron 76, tantalum 8 (atomic) 289659-95-6 
376348-83-3, Carbon 12, iron 82, tantalum 6 (atomic) 

RL: PEP (Physical, engineering or chemical process) ; PRP (Properties) ; PYP 
(Physical process) ; TEM (Technical or engineered material use) ; PROC 
(Process) ; USES (Uses) 

(low-noise FeTaC underlayer for double -layered NiTaZr/CoCrPt 
perpendicular recording media) 
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(4) Takano, H; Presented at INTERMAG 2000 (AD06) 

L4 ANSWER 14 OF 41 HCAPLUS COPYRIGHT 2003 ACS 

AN 2002:255922 HCAPLUS 

DN 136:303043 

TI Vertical magnetic recording media 

IN Oikawa, Soichi; Hikosaka, Kazushi; Nakamura, Futoshi 

PA Toshiba Corp . , Japan 

SO Jpn. Kokai Tokkyo Koho, 7 pp. 
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DT Patent 
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PRAI JP 2000-287720 A 20000921 

AB The title recording media comprise: nonmagnetic substrates; 1st foundation 
layers from Fe or Fe alloys contg. .gtoreq.l of Ta, C, Zr, N and Co; 
Ru-based 2nd foundation layers; and Co-contg. magnetic layers. The 
magnetic layers have improved vertical orientation, and the recording 
media have high coercive force and high playing output. 
ST vertical magnetic recording media foundation layer; 

iron alloy foundation layer recording media 
IT Magnetic recording materials 

(vertical magnetic recording media contg. double 
foundation layers) 
IT Crystal orientation 
Magnetic films 

(vertical magnetic recording media contg. double 

foundation layers and highly-vertically-oriented magnetic layers) 
IT 189817-15-0, Chromium cobalt platinum oxide 
RL: DEV (Device component use) ; USES (Uses) 

(vertical magnetic recording media contg. double 

foundation layers and highly-vertically-oriented magnetic layers from) 
IT 7439-89-6, Iron, uses 7440-18-8, Ruthenium, uses 7440-47-3, Chromium, 
uses 7440-48-4, Cobalt, uses 12655-66-2 37327-47-2 87644-53-9 
165253-3 9-4 406909-46-4 

RL: DEV (Device component use); USES (Uses) 

(vertical magnetic recording media contg. double 
foundation layers contg.) 
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TI Vertical magnetic recording media and magnetic 

memory devices 

IN Tanahashi, Kiwamu; Kikukawa, At sushi; Honda, Yukio; Futamoto, Masaaki; 

Ishikawa, Akira 
PA Hitachi Ltd., Japan 
SO Jpn. Kokai Tokkyo Koho, 9 pp. 
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DT Patent 
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IC ICM G11B005-738 
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CC 77-8 (Magnetic Phenomena) 
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US 2002048693 Al 20020425 US 2001-785416 20010220 

PRAI JP 2000-266093 A 20000901 

AB The magnetic recording media contain nonmagnetic 

intermediate layers from amorphous Ni-base Zr alloys between soft magnetic 
foundation layers and vertical recording layers. The recording media have 
recording d. of .gtoreq.50 G-bits/in.2. Magnetic memory devices using the 
recording media have low error rate. 
ST vertical magnetic recording media memory device; 

amorphous intermediate layer magnetic recording media 
IT Magnetic films 

(soft; soft magnetic foundation layers in vertical magnetic 
recording media and magnetic memory devices) 
IT Magnetic memory devices 

Magnetic recording materials 



(vertical magnetic recording media and 
magnetic memory devices) 
IT 347406-27-3 

RL: DEV (Device component use); USES (Uses) 

(nonmagnetic intermediate layers in vertical magnetic 
recording media and magnetic memory devices) 
IT 166966-19-4 166966-20-7 197656-89-6 

RL: DEV (Device component use) ; USES (Uses) 

(recording layers in vertical magnetic recording 
media and magnetic memory devices) 
IT 151582-68-2 402468-05-7 402468-06-8 402468-07-9 
402468-08-0 

RL: DEV (Device component use) ; USES (Uses) 

(soft magnetic foundation layers in vertical magnetic 
recording media and magnetic memory devices) 
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TI Effect of soft magnetic underlayer on magnetization microstructure of 

perpendicular thin film media 
AU Honda, Yukio; Kikukawa, At sushi; Hirayama, Yoshiyuki; Futamoto, Masaaki 
OS Central Research Laboratory, Hitachi Ltd., Kokubunji, 185-8601, Japan 
SO IEEE Transactions on Magnetics (2000), 36(5, Pt . 1), 2399-2401 

CODEN: lEMGAQ; ISSN: 0018-9464 
PB Institute of Electrical and Electronics Engineers 
DT Journal 
LA English 

CC 77-1 (Magnetic Phenomena) 

AB Anal, magnetic force microscopy was applied to investigate the 

relationship between the soft magnetic underlayer and the microscopic 
magnetization structures of double layered perpendicular media. The 
magnetization structures of the CoCrPtTa perpendicular media with 
Co-Nb-Zr, Co-Ta-Zr, Fe-Ta-C, and Fe-Al-Si soft magnetic underlayers are 
compared. The medium with Co-Ta-Zr underlayer shows low medium noise and 
high resoln. characteristics at high recording densities. The 
magnetization irregularities of perpendicular media are strongly affected 
by the soft magnetic underlayer material. 

ST cobalt chromium tantalum platinum magnetic recording 

medium soft underlayer; magnetization microstructure magnetic 
recording medium soft underlayer 

IT Noise 

(magnetic; soft magnetic underlayer effect on magnetization 
microstructure of Co-Cr-Ta-Pt perpendicular thin film media) 

IT Magnetic recording materials 
Magnetization 

(soft magnetic underlayer effect on magnetization 
microstructure of Co-Cr-Ta-Pt perpendicular thin film media) 

IT 341034-99-9 

RL: PEP (Physical, engineering or chemical process); PRP (Properties); TEM 
(Technical or engineered material use) ; PROC (Process) ; USES (Uses) 
(soft magnetic underlayer effect on magnetization microstructure of 
Co-Cr-Ta-Pt perpendicular thin film media) 
IT 151582-68-2 341035-00-5 341035-01-6 341035-02-7 

RL: PEP (Physical, engineering or chemical process); PRP (Properties); TEM 
(Technical or engineered material use) ; PROC (Process) ; USES (Uses) 
(soft underlayer; soft magnetic underlayer effect on magnetization 
microstructure of Co-Cr-Ta-Pt perpendicular thin film media) 
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recording devices using thereof 
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PI JP 06025828 A2 19940201 JP 1992-180723 19920708 

PRAI JP 1992-180723 19920708 

AB The Microcrystal soft magnetic alloy contg. Fe or Co and Group IV or V 
carbide or nitride has a desired peak intensity ratio in a x-ray 
diffraction {{carbide or nitride peak intensity) / (Fe or Co peak 
intensity) } ratio controlled by power input d. in its sintering. The peak 
ratio-controlled nitride or carbide at a desired level works as a 
components to suppress growth of Fe or Co grains without damaging its soft 
magnetic coercive characteristics. 

ST microcrystal soft magnetic alloy nitride carbide; x ray diffraction peak 
intensity ratio; iron cobalt grain growth suppression magnetic; coercive 
force microcrystal soft magnetic alloy 

IT Coercive force, magnetic 

(of microcrystal soft magnetic alloy, iron/cobalt and carbide/nitride 
x-ray diffraction peak ratio in relation to) 

IT Magnets 

(soft, microcrystal, alloy, coercive force in, iron/cobalt and 

carbide/nitride x-ray diffraction peak ratio in relation to) 
IT Recording apparatus 

(magnetic heads, microcrystal soft magnet) 
IT Dif f ractometry 

(x-ray, peak intensity of, ratio for iron/cobalt and carbide/nitride 

in, magnetic coercive force in relation to) 
IT 157393-00-5 

RL: USES (Uses) 

(microcrystal soft magnet, coercive force in, iron/cobalt and 
carbide/nitride x-ray diffraction peak ratio in relation to) 
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AN 2001:228392 HCAPLUS 
DN 134:246492 

TI Information recording medium, and method and apparatus for information 

recording and reproduction 
IN Matsumoto, Ko j i ; Ozaki, Kazuyuki; Tagawa, Ikuya 
PA Fujitsu Ltd., Japan 
SO Jpn. Kokai Tokkyo Koho, 24 pp. 

CODEN: JKXXAF 
DT Patent 
LA Japanese 
IC ICM G11B005-66 

ICS G11B005-64; G11B005-02 
CC 77-8 (Magnetic Phenomena) 
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PI JP 2001084546 A2 20010330 JP 1999-264370 19990917 

PRAI JP 1999-264370 19990917 

AB An information recording medium comprises a substrate having first and 
second magnetic layers (remanent magnetization >50 emu/cc) of amorphous 
rare earth transition metal alloy thin films having a magnetic anisotropy 
and Hc2>Hcl and/or Tc2>Tcl, where Hc2 and Hcl are coercivities of the 
second and first layers and Tc2 and Tel are Curie temps, of the second and 
first layers. The interface domain walls between the first and second 
layers are not formed when a magnetic field is not applied, and the 
reprodn. of information is carried out by detecting the magnetic flux of 
the first and second layers. 

ST rare earth alloy magnetic recording app 

IT Magnetic anisotropy 
Magnetic films 
Magnetic memory devices 
Remanence 

(rare earth alloy information recording medium, and method and app. for 

information recording and reprodn.) 
IT Rare earth alloys 

RL: DEV (Device component use) ; PRP (Properties) ; USES (Uses) 

(rare earth alloy information recording medium, and method and app.^ for 

information recording and reprodn.) 
IT 149663-57-0, Cobalt 11, iron 68, terbium 21 (atomic) 165253-39-4 

, Carbon 10, iron 80, tantalum 10 (atomic) 166890-04-6, Cobalt 11, iron 
70, terbium 19 (atomic) 330582-50-8, Cobalt 5, iron 80, terbium 15 
(atomic) 330582-51-9, Cobalt 18, iron 60, terbium 22 (atomic) 
330582-52-0, Cobalt 2, iron 81, silicon 0.04, terbium 17 (atomic) 
330582-53-1, Cobalt 5, iron 77, terbium 18 (atomic) 330582-54-2, Cobalt 
11, gadolinium 14, iron 75 (atomic) 330582-55-3, Cobalt 9, iron 75, 
terbium 16 (atomic) 330582-56-4, Chromium 0.02, cobalt 3, iron 80, 
terbium 17 (atomic) 330582-57-5, Cobalt 21, iron 60, terbium 19 (atomic) 
330582-58-6, Cobalt 20, dysprosium 19, iron 61 (atomic) 330582-59-7, 
Cobalt 19, dysprosium 21, iron 60 (atomic) 
RL: DEV (Device component use) ; USES (Uses) 

(rare earth alloy information recording medium, and method and app. for 

information recording and reprodn.) 

L4 ANSWER 27 OF 41 HCAPLUS COPYRIGHT 2003 ACS 
AN 1995:248940 HCAPLUS 
DN 122:94959 

TI Sintered sputtering targets and magnetic thin films and thin film magnetic 

heads manufactured from them 
IN Kikuchi, Makoto; Ishigami, Takashi; Sakai, Akira; Sawa, Takao 
PA Tokyo Shibaura Electric Co, Japan 
SO Jpn. Kokai Tokkyo Koho, 9 pp. 

CODEN: JKXXAF 
DT Patent 
LA Japanese 
IC ICM C23C014-34 

ICS G11B005-31; HOlFOlO-12; HOlFOlO-18; H01F041-18 
CC 77-8 (Magnetic Phenomena) 

Section cross-reference (s) : 55, 76 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI JP 06248445 A2 19940906 JP 1993-33321 19930223 

PRAI JP 1993-33321 19930223 

AB The targets contain the 1st metal elements contg. Fe, Co, and/or Ni, the 
2nd metal elements contg. Ta, Ti, V, Mo, W, Nb, Hf, Zr, and/or rare earth 
element, and nonmetal elements contg. B, Si, C, N, P, and/or 0 and have 
compds . with the nonmetal elements. The thin films contain the 1st 
element-based fine grains and compds. with the 2nd elements and the 
nonmetal elements and are manufd. by sputtering the targets. The heads 
contain the thin films as magnetic thin films. 



ST sputtering target sintered magnetic head; iron rare earth sputtering 
target 

IT Recording materials 

(magnetic, Fe-based sintered sputtering targets for magnetic 

thin films and magnetic heads) 
IT Sputtering 

(targets, Fe-based sintered sputtering targets for magnetic thin films 
and magnetic heads) 
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RL: DEV (Device component use); IMF (Industrial manufacture); PRP 
(Properties) ; PREP (Preparation) ; USES (Uses) 

(Fe-based sintered sputtering targets for magnetic thin films and 

magnetic heads) 
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AN 1991:54604 HCAPLUS 
DN 114:54604 

TI Soft magnetic alloy layers 
IN Hasegawa, Naoya 
PA Alps Electric Co., Ltd., Japan 
SO Ger. Of fen. , 11 pp. 

CODEN: GWXXBX 
DT Patent 
LA German 
IC ICM HOlFOlO-14 

ICS ClOLOll-04; G11B005-706 
CC 77-8 (Magnetic Phenomena) 

Section cross-reference (s) : 55 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 
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AB The title layers, useful in magnetic recording heads, 

have the compn. FexMzCw, where M = Ti, Zr, Hf, Nb, Ta, Mo, and/or W; 50 
.Itoreq. x .Itoreq. 96; 2 .Itoreq. z .Itoreq. 30; 0.5 .Itoreq. w.ltoreq. 
25; and x + z + w = 100, and comprises cryst. particles having av. size 
.Itoreq. 0.0 8 .mu.m and an M carbide phase. The layers are prepd. by 
sputtering a composite target on which a transition metal pellet is placed 
and heat treatment at . gtoreq . 4 00 . degree . for 2 0 min. 

ST soft magnetic alloy layer; iron carbon transition metal magnetic alloy; 
recording head soft magnetic alloy layer 

IT Sputtering 

(deposition by, of soft magnetic iron alloy layers) 

IT Recording apparatus 



(magnetic heads, iron alloy layers for) 
IT Magnetic substances 

(soft, iron alloy, layers, prepd. by sputter deposition) 
IT 131460-37-2 131460-38-3 131460-39-4 131460-40-7 
RL: PRP (Properties) 

(soft magnetic layers from, for recording heads, prepd. by sputter 

deposition) 



=> 



=> s 151582-68-2 

LI 1 151582-68-2 

(151582-68-2/RN) 



=> d all 



LI ANSWER 1 OF 1 REGISTRY COPYRIGHT 2003 ACS 

RN 151582-68-2 REGISTRY 

CN Iron alloy, base, Fe 74, Ta 24, C 2.4 (9CI) (CA INDEX NAME) 
OTHER NAMES: 

CN Carbon 12, iron 80, tantalum 8 (atomic) 

MF C . Fe . Ta 

CI AYS 

SR CA 

LC STN Files: CA, CAPLUS, USPATFULL 



Component Component Component 

Percent Registry Number 



Fe 74 7439-89-6 

Ta 24 7440-25-7 

C 2.4 7440-44-0 



10 REFERENCES IN FILE CA (1962 TO DATE) 

10 REFERENCES IN FILE CAPLUS (1962 TO DATE) 



REFERENCE 1 



AN 137:209594 CA 

TI Low-noise FeTaC underlayer for double -layered perpendicular recording 
media 

AU Tanahashi, K. ; Kikukawa, A.; Takahashi, Y. ; Hosoe, Y. ; Futamoto, M. 
CS Central Research Laboratory, Hitachi Ltd., Kokubun j i - shi , Tokyo, 185-8601, 
Japan 

SO Journal of Magnetism and Magnetic Materials (2002), 242-245 (Pt. 1), 
325-327 

CODEN: JMMMDC; ISSN: 0304-8853 
PB Elsevier Science B.V. 

DT Journal 
LA English 

CC 77-1 (Magnetic Phenomena) 

Section cross-reference (s) : 56 

M We have investigated the effect of the alloy compn. of FeTaC soft -magnetic 
underlayers on the noise properties of double -layered perpendicular 
recording media. Media noise is found to be strongly dependent on the 
FeTaC alloy compn. Low-noise properties are obsd. when the Ta and C 
contents are 8-10 and 10-16 at%, resp. Low-noise FeTaC underlayers are 
composed of small ( .apprx. .apprxeq. 0 nm) .alpha. -Fe grains with a 
3D- random orientation. 

ST iron tantalum carbon underlayer double layered perpendicular recording 
medium 

IT Coercive force (magnetic) 
Magnetization 
Micros tructure 

(low-noise FeTaC underlayer for double -layered NiTaZr/CoCrPt 
perpendicular recording media characterized via) 
IT Magnetic recording materials 

(perpendicular; low-noise FeTaC underlayer for double -layered 
NiTaZr/CoCrPt perpendicular recording media) 
IT 91033-96-4 151582-68-2, Carbon 12, iron 80, tantalum 8 (atomic) 

160536-74-3, Carbon 8, iron 84, tantalum 8 (atomic) 180028-42-6, Carbon 
12, iron 78, tantalum 10 (atomic) 195534-26-0, Carbon 16, iron 76, 
tantalum 8 (atomic) 289659-95-6 376348-83-3, Carbon 12, iron 82, 



/ 



tantalum 6 (atomic) 

RL: PEP (Physical, engineering or chemical process); PRP (Properties); PYP 
(Physical process) ; TEM (Technical or engineered material use) ; PROC 
(Process) ; USES (Uses) 

(low-noise FeTaC underlayer for double -layered NiTaZr/CoCrPt 
perpendicular recording media) 
RE.CNT 4 THERE ARE 4 CITED REFERENCES AVAILABLE FOR THIS RECORD 

(1) Hasegawa, N; Mater Trans JIM 1992, V33, P632 CAPLUS 

(2) Honda, Y; IEEE Trans Magn 2000, V36, P2399 CAPLUS 

(3) Kikukawa, A; IEEE Trans Magn 2000, V36, P2402 CAPLUS 

(4) Takano, H; Presented at INTERMAG 2000 (AD06) 

REFERENCE 2 

AN 137:149164 CA 

TI Perpendicular magnetic recording media for ultra-high-density recording 

and their hard disk drives 
IN Tamai, Ichiro; Yamamoto, Tomoo; Hosoe, Yuzuru 
PA Hitachi Ltd., Japan 
SO Jpn. Kokai Tokkyo Koho, 7 pp. 

CODEN: JKXXAF 
DT Patent 
LA Japanese 
IC ICM G11B005-738 

ICS G11B005-65; HOlFOlO-16; HOlFOlO-30 
CC 77-8 (Magnetic Phenomena) 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI JP 2002216338 A2 20020802 JP 2001-13538 20010122 

PRAI JP 2001-13538 20010122 

AB The magnetic recording medium, esp. magnetic disks, for .gtoreq.50 Gbit/l 
in. 2 has a 1st layer of face-centered lattice structure, a 2nd layer of 
hexagonal closest packing structure based on Co and Cr as the main 
component and contg. Ta, V, W, Nb, and/or Mo, and a perpendicular 
recording layer stacked in this order. Preferably, the 1st layer is based 
on Cu as the main component and contain Cr, Ta, Mo, Nb, V, W, and/or B. 
The 1st layer may be disposed on an amorphous layer. The media has low 
noise and suppressed influence of thermal fluctuation while having high 
cohesive force. 

ST perpendicular magnetic recording medium cobalt alloy; face centered 

lattice cobalt alloy magnetic medium; hexagonal closest packing cobalt 
alloy magnetic medium; amorphous underlayer perpendicular magnetic 
recording medium; hard disk drive perpendicular magnetic medium 
IT Magnetic disks 

Magnetic memory devices 
Magnetic recording materials 

(perpendicular magnetic recording media for ultra-high-d. recording and 
their hard disk drives) 
IT 7440-50-8, Copper, uses 

RL: TEM (Technical or engineered material use) ; USES (Uses) 

(1st intermediate layer, face-centered lattice structure; perpendicular 
magnetic recording media for ultra-high-d . recording and their hard 
disk drives) 

IT 96439-26-8, Chromium 30, cobalt bal . , tungsten 4 (atomic) 421550-43-8, 
Chromium 30, cobalt bal., molybdenum 4 (atomic) 
RL: TEM (Technical or engineered material use); USES (Uses) 

(2nd intermediate layer, hexagonal closest packing structure; 
perpendicular magnetic recording media for ultra-high-d. recording and 
their hard disk drives) 
IT 308356-83-4, Boron 4, chromium 21, cobalt bal., platinum 14 (atomic) 

379270-47-0, Chromium 18, cobalt bal., platinum 14, tantalum 3 (atomic) 
RL: TEM (Technical or engineered material use); USES (Uses) 

(recording layer; perpendicular magnetic recording media for 



ultra-high-d. recording and their hard disk drives) 
IT 151582-68-2, Carbon 12, iron bal . , tantalum 8 (atomic) 341035-01-6, 
Cobalt bal., tantalum 10, zirconium 2 (atomic) 
RL: TEM (Technical or engineered material use); USES (Uses) 

(soft magnetic layer; perpendicular magnetic recording media for 
ultra-high-d. recording and their hard disk drives) 
IT 444724-67-8, Chromium 30, cobalt bal., zirconium 8 (atomic) 
RL: TEM (Technical or engineered material use); USES (Uses) 

(underlayer; perpendicular magnetic recording media for ultra-high-d. 
recording and their hard disk drives) 

REFERENCE 3 

AN 137:102833 CA 

TI Vertical magnetic recording media and magnetic memory devices 

IN Tanahashi, Motomu; Kikukawa, At sushi; Honda, Yukio 

PA Hitachi Ltd., Japan 

SO Jpn. Kokai Tokkyo Koho, 7 pp. 

CODEN: JKXXAF 
DT Patent 
LA Japanese 
IC ICM G11B005-667 

ICS G11B005-738; HOlFOlO-14; HOlFOlO-26 
CC 77-8 (Magnetic Phenomena) 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI JP 2002203307 A2 20020719 JP 2000-401913 20001228 

US 2002122958 Al 20020905 US 2001-25784 20011226 

PRAI JP 2000-401913 20001228 

AB The title recording media contain soft magnetic base layers contg. Fe, Ta 
(8-15 at.%) and C, and formed on substrates, nonmagnetic intermediate 
layers on the base layers, and vertical recording layers on the 
intermediate layers. The recording media have recording d. of .gtoreq.50 
Gb/in2 and high S/N ratio. Magnetic memory devices incorporating the 
magnetic recording media are described. 
ST vertical magnetic recording media memory device 
IT Magnetic memory devices 

Magnetic recording materials 

(vertical magnetic recording media and magnetic memory devices) 
IT 347406-27-3, Nickel 52.5, tantalum 37.5, zirconium 10 (atomic) 
RL: DEV (Device component use); USES (Uses) 

(precoat layers; vertical magnetic recording media and magnetic memory 
devices) 

IT 166966-20-7, Chromium 22, cobalt 64, platinum 14 (atomic) 
RL: DEV (Device component use) ; USES (Uses) 

(recording layers; vertical magnetic recording media and magnetic 
memory devices) 

IT 151582-68-2, Carbon 12, iron 80, tantalum 8 (atomic) 180028-42-6, Carbon 
12, iron 78, tantalum 10 (atomic) 195534-26-0, Carbon 16, iron 76, 
tantalum 8 (atomic) 442525-65-7, Carbon 16, iron 74, tantalum 10 
(atomic) 442525-66-8, Carbon 16, iron 72, tantalum 12 (atomic) 
RL: DEV (Device component use) ; USES (Uses) 

(soft magnetic layers; vertical magnetic recording media and magnetic 
memory devices) 

REFERENCE 4 

AN 136:256074 CA 

TI Perpendicular magnetic recording medium and magnetic memory device 

IN Honda, Yukio; Tanahashi, Motomu; Kikugawa, At sushi; Hirayama, Yoshiyuki; 

Futamoto, Masaaki 
PA Hitachi Ltd., Japan 
SO jpn. Kokai Tokkyo Koho, 13 pp. 



CODEN: JKXXAF 
DT Patent 
LA Japanese 
IC ICM G11B005-667 

ICS G11B005-738; HOlFOlO-14; HOlFOlO-16; HOlFOlO-26; H01F041-18 
CC 77-8 (Magnetic Phenomena) 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI JP 2002074639 A2 20020315 JP 2000-254168 20000824 

PRAI JP 2000-254168 20000824 

AB The magnetic recording medium has perpendicular magnitrization films 
through lining magnetic layers on .gtoreq.l side of a support and the 
lining layer involves a film contg. soft magnetic particles with av. 
particle size, defined by the author's method, 1-10 nm. The soft magnetic 
particles may be noncolumnar polycryst. fine particles. The medium show 
low noise and stable magnetization. The magnetic memory device involves 
the above recording medium and heads for recording and reproducing of 
signals . 

ST perpendicular magnetic recording medium; magnetic memory device recording 

medium; lining layer soft magnetic particle 
IT Magnetic memory devices 

Magnetic recording materials 

(perpendicular magnetic recording medium having soft magnetic lining 
layer for magnetic memory device) 
IT Magnetic materials 

(soft; perpendicular magnetic recording medium having soft magnetic 
lining layer for magnetic memory device) 
IT 166966-19-4, Chromium 22, cobalt 66, platinum 12 (atomic) 

RL: TEM (Technical or engineered material use) ; USES (Uses) 

(perpendicular magnetic recording medium having soft magnetic lining 
layer for magnetic memory device) 
IT 403857-95-4 

RL: TEM (Technical or engineered material use); USES (Uses) 

(soft magnetic particle; in perpendicular magnetic recording medium 
having soft magnetic lining layer for magnetic memory device) 
IT 151582-68-2, Carbon 12, iron 80, tantalum 8 (atomic) 403857-97-6 
RL: TEM (Technical or engineered material use); USES (Uses) 

(soft magnetic; perpendicular magnetic recording medium having soft 
magnetic lining layer for magnetic memory device) 

REFERENCE 5 

AN 136:225727 CA 

TI Vertical magnetic recording media and magnetic memory devices 

IN Tanahashi, Kiwamu; Kikukawa, At sushi; Honda, Yukio; Futamoto, Masaaki; 

Ishikawa, Akira 
PA Hitachi Ltd., Japan 
SO Jpn. Kokai Tokkyo Koho, 9 pp. 

CODEN: JKXXAF 
DT Patent 
LA Japanese 
IC ICM G11B005-738 

ICS G11B005-667 
CC 77-8 (Magnetic Phenomena) 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI JP 2002074648 A2 20020315 JP 2000-266093 20000901 

US 2002048693 Al 20020425 US 2001-785416 20010220 

PRAI JP 2000-266093 20000901 

AB The magnetic recording media contain nonmagnetic intermediate layers from 
amorphous Ni-base Zr alloys between soft magnetic foundation layers and 
vertical recording layers. The recording media have recording d. of 



.gtoreq.50 G-bits/in.2. Magnetic memory devices using the recording media 
have low error rate. 
ST vertical magnetic recording media memory device; amorphous intermediate 

layer magnetic recording media 
IT Magnetic films 

(soft; soft magnetic foundation layers in vertical magnetic recording 
media and magnetic memory devices) 
IT Magnetic memory devices 

Magnetic recording materials 

(vertical magnetic recording media and magnetic memory devices) 
IT 347406-27-3 

RL: DEV (Device component use) ; USES (Uses) 

(nonmagnetic intermediate layers in vertical magnetic recording media 
and magnetic memory devices) 
IT 166966-19-4 166966-20-7 197656-89-6 

RL: DEV (Device component use) ; USES (Uses) 

(recording layers in vertical magnetic recording media and magnetic 
memory devices) 

IT 151582-68-2 402468-05-7 402468-06-8 402468-07-9 402468-08-0 
RL: DEV (Device component use) ; USES (Uses) 

(soft magnetic foundation layers in vertical magnetic recording media 
and magnetic memory devices) 

REFERENCE 6 

AN 136:62884 CA 

TI MFM Study of magnetic interaction between recording and soft magnetic 
layers 

AU Honda, Y.; Tanahashi, K. ; Hirayama, Y. ; Kikukawa, A.; Futamoto, M. 

CS Central Research Laboratory, Hitachi Ltd., Kokubunji, Tokyo, 185-8601, 

Japan 

SO Journal of Magnetism and Magnetic Materials (2001), 235(1-3), 126-132 

CODEN: JMMMDC; ISSN: 0304-8853 
PB Elsevier Science B.V. 

DT Journal 
LA English 

CC 77-8 (Magnetic Phenomena) 

Section cross-reference (s) : 56 

AB Magnetic force microscopy was used to study the magnetic interaction 
between the recording and the soft magnetic layers in double -layer 
perpendicular media by observing the magnetization structure from the soft 
magnetic layer side. There was a strong magnetic interaction between the 
recording and the soft magnetic layers. Introducing a thin nonmagnetic 
intermediate layer between the two layers greatly reduced the magnetic 
interaction and drastically reduced the medium noise. 

ST magnetization recording magnetic layer interaction; chromium cobalt 
platinum recording noise 

IT Magnetic films 

Magnetic multilayers 
Magnetic recording materials 
Magnetization 
Noise 

(MFM study of magnetic interaction between recording and soft magnetic 
layers) 

IT 12782-62-6, Chromium 10, titanium 90 (atomic) 151582-68-2, Carbon 12, 
iron 80, tantalum 8 (atomic) 166966-19-4, Chromium 22, cobalt 66, 
platinum 12 (atomic) 377777-57-6, Cobalt 92, tantalum 3, zirconium 5 

(atomic) 

RL: PEP (Physical, engineering or chemical process); PRP (Properties); PYP 
(Physical process) ; TEM (Technical or engineered material use) ; PROC 
(Process) ; USES (Uses) 

(MFM study of magnetic interaction between recording and soft magnetic 
layers) 

RE.CNT 8 THERE ARE 8 CITED REFERENCES AVAILABLE FOR THIS RECORD 



(1) Hirayama, Y; IEEE Trans Magn 1997, V3 3, P996 CAPLUS 

(2) Hirayama, Y; Technical Report of the Institute of Electronics, Information 
and Communication Engineers 2000, V27 (MR2000-33 ) 

(3) Honda, Y; Digest of the 2000 IEEE International Magnetic Conference 2000, 
DP-07 

(4) Honda, Y; IEEE Trans Magn 1997, V33, P3076 CAPLUS 

(5) Iwasaki, S; IEEE Trans Magn 1980, V16, P71 

(6) Kikukawa, A; Digest of the 2000 IEEE International Magnetic Conference 
2000, DP-08 

(7) Lien, L; IEEE Trans Magn 1994, V30, P3951 

(8) Tanahashi, K; Abstract of the Fifth Perpendicular Magnetic Recording 
Conference 2000 2000, 23pA-12 

REFERENCE 7 

AN 136:30689 CA 

TI Perpendicular magnetic recording medium and magnetic memory device 

IN Honda, Yukio; Hirayama, Yoshiyuki; Futamoto, Masaaki; Kikukawa, Atsushi 

PA Hitachi Ltd., Japan 

SO Jpn. Kokai Tokkyo Koho, 10 pp. 

CODEN: JKXXAF 
DT Patent 
LA Japanese 
IC ICM G11B005-667 

ICS G11B005-738; HOlFOlO-00; HOlFOlO-14; HOlFOlO-16; H01F041-18 
CC 77-8 (Magnetic Phenomena) 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PI JP 2001344726 A2 20011214 JP 2000-158925 20000529 

JP 3340420 B2 20021105 

PRAI JP 2000-158925 20000529 

AB In a perpendicular magnetic recording medium having a perpendicular 

magnetization film formed on a substrate via a lining magnetic layer, the 
magnetic layer comprises a hard magnetic film having a perpendicular 
easy-magnetization axis on the substrate and a soft magnetic film on the 
hard magnetic film. The medium has superior noise and magnetization 
properties. Specifically, the hard magnetic film may comprise a Co alloy 
contg. Cr, Pt, Ta, Hf, or Sm, and the soft magnetic film may comprise a 
Co-Nb-Zr amorphous alloy, Co-W-Zr amorphous alloy, Co-Ta-Zr amorphous 
alloy, Co-Ni-Zr amorphous alloy, Fe-Al-Si-M alloy (M=Cr, Ti) , Fe-Ta-C-M 
alloy (M=A1, Cr) , Fe-Hf-C-M alloy (M=A1, Cr) , Fe-Ta-N-M alloy (M=Al, Cr) , 
or Ni-Fe-M alloy (M=NB, Mo) . A magnetic memory device comprising the 
above medium is also described. 

ST perpendicular magnetic recording medium magnetic multilayer 

IT Magnetic memory devices 
Magnetic memory devices 
Magnetic multilayers 

(lining magnetic films in perpendicular magnetic recording medium and 
magnetic memory device) 

IT 151582-68-2, Carbon 12, iron 80, tantalum 8 (atomic) 379270-47-0, 

Chromium 18, cobalt 65, platinum 14, tantalum 3 (atomic) 379270-48-1, 
Cobalt 85, tantalum 10, zirconium 5 (atomic) 379270-49-2, Cobalt 87, 
tantalum 4, zirconium 9 (atomic) 
RL: DEV (Device component use) ; USES (Uses) 

(lining magnetic films in perpendicular magnetic recording medium and 
magnetic memory device) 

REFERENCE 8 

AN 136:14523 CA 

TI Noise characteristics of double -layered perpendicular media using Fe-Ta-C 
underlayer 

AU Kikukawa, Atsushi; Tanahashi, Kiwamu; Honda, Yukio; Hirayama, Yoshiyuki; 



Futamoto, Masaaki 
CS Central Research Laboratory, Hitachi Ltd., Tokyo, Japan 
SO IEEE Transactions on Magnetics (2001), 37(4, Pt . 1), 1602-1604 

CODEN: lEMGAQ; ISSN: 0018-9464 
PB Institute of Electrical and Electronics Engineers 
DT Journal 
LA English 

CC 77-8 (Magnetic Phenomena) 

AB The noise characteristics of double -layered perpendicular media having an 
Fe-Ta-C soft-magnetic underlayer were studied. Changes in soft magnetic 
properties and a consequent increase in media noise occurs when C or Ta 
are reduced from the std. compn. Two-dimensional spike distributions were 
obsd. in a medium using the std. Fe-Ta-C compn., possibly caused by temp, 
inhomogeneity during the annealing process. Also the noise contribution 
of the spikes was minimal for disks using an Fe-Ta-C SMU. 

ST iron tantalum carbide soft underlayer magnetic tape noise characteristics 

IT Annealing 

Coercive force (magnetic) 

Magnetic multilayers 

Magnetic tapes 

Magnetism 

Noise 

Remanence 

X-ray diffraction 

(noise characteristics of double -layered perpendicular media using 
Fe-Ta-C underlayer) 

IT Magnetic materials 

(soft; noise characteristics of double -layered perpendicular media 
using Fe-Ta-C underlayer) 

IT 93844-66-7 

RL: DEV (Device component use); PRP (Properties); TEM (Technical or 
engineered material use) ; USES (Uses) 

(substrate; noise characteristics of double -layered perpendicular media 
using Fe-Ta-C underlayer) 
IT 151582-68-2 160536-74-3 376348-83-3 

RL: DEV (Device component use); PRP (Properties); TEM (Technical or 
engineered material use) ; USES (Uses) 

(underlayer; noise characteristics of double -layered perpendicular 
media using Fe-Ta-C underlayer) 
RE.CNT 5 THERE ARE 5 CITED REFERENCES AVAILABLE FOR THIS RECORD 

(1) Darragh, N; IEEE Tran Magn 1993, V29, P3742 

(2) Hasegawa, N; J Magn Soc Jpn, in Japanese 1990, V14, P313 CAPLUS 

(3) Kikukawa, A; Distributions and characteristics of spike noise 2000 

(4) Kikukawa, A; Noise characteristics of double -layered perpendicular media 
using novel soft magnetic underlayer materials, presented at the Digest 
Intermag 2000 2000 

(5) Uesaka, Y; J Appl Phys 1985, V57, P3925 

REFERENCE 9 

AN 135:13302 CA 

TI Effect of soft magnetic underlayer on magnetization microstructure of 

perpendicular thin film media 
AU Honda, Yukio; Kikukawa, At sushi; Hirayama, Yoshiyuki; Futamoto, Masaaki 
CS Central Research Laboratory, Hitachi Ltd., Kokubunji, 185-8601, Japan 
SO IEEE Transactions on Magnetics (2000), 36(5, Pt. 1), 2399-2401 
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tic recording medium 30 to perform the function of a double 
layered perpendicular film, and the magnetic recording medium 
30 is expected to 

produce excellent recording/reading characteristics because 
of the interact 

between the head and the soft magnetic layer. 

[0069] The magnetic characteristics of the resultant 

magnetic recording 

medium were measured by a vibrating sample type magnetometer 
(VSM) , with the 

results as shown in Table 1. The mark "Hc.perp." in Table 1 
represents a 

coercive force in the case where a magnetic field is applied 
in a direction 

perpendicular to the film surface. Also, the mark "He//" in 
Table 1 represents 

a coercive force in the case where a magnetic field is 

applied to in a areal 

direction of the film surface. Further, the perpendicular 
squareness ratio 

represents a ratio of the residual magnetization to the 
saturated magnetization 

in the case of applying a magnetic field in a perpendicular 
direction. 

[0070] A magnetic recording medium was prepared as in 
Example 1, except that 

a FeTaC layer having a thickness of about 100 nm was formed 

in place of the Fe 

layer. The FeTaC layer was formed by sputtering a FeTaC 
target containing 10 

atomic % of Ta, 10 atomic % of C and the balance of Fe under 

an argon 

atmosphere. The magnetic properties of the magnetic 
recording medium thus 

obtained were measured as in Example 1, with the results as 
shown in Table 1 . 

[0087] A perpendicular orientation is improved with 
increase in the ratio 

He .perp. /He// shown in Table 1, and an read output is 
increased in the case 

where the perpendicular squareness ratio shown in Table 1 is 

as close to 1 as 

possible so as to provide an excellent perpendicular magnetic 
recording medium. 
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iary 

magnetic pole 14 is sufficiently larger than that of the main 
magnetic pole 13, 

the magnetic flux density from the auxiliary magnetic pole 14 
is sufficiently 

small that the magnetization of the perpendicular magnetic 
layer 4 is not 

affected by this magnetic flux from the auxiliary pole 14. 

[0050] As the material with a structure having no magnetic 
domain walls, 

FeAlSi, FeTaN, FeTaC^ FeC, FeAlSi alloys, FeTaN alloys, FeTaC 
alloys, or 

materials wherein these alloys are the main components, can 
be mentioned. For 

example, it is possible to use a material in which Co, Ni, 
Ru, Si, N, 0, B, C, 

or Hf is added to one of the above alloys in an amount of 10 
at. % or less 

(preferably 7 at . % or less, more preferably 5 at . % or 
less) . 

[0051] As the material constituting the soft magnetic 
layer 21B, it is 

possible to use Fe alloys comprising 60 atomic % or more of 
Fe . More 

specifically, although there are no specific limitations, the 
following can be 

mentioned: FeCo type alloys (FeCo and FeCoV, and the 
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(57) ABSTRACT 

The present invention aims to provide a magnetic recording 
medium, a method for producing the same, and a magnetic 
recording and reproducing device which can prevent spike 
noise and improve the error rate. 

The present invention provides a magnetic recording 
medium, a method for producing the same, and a magnetic 
recording and reproducing device comprising at least one 
nonmagnetic substrate, a soft magnetic underlayer 2, an 
orientation control layer to control the orientation of the 
layer formed directly above the same, and a perpendicular 
magnetic layer having an axis of easy magnetization which 
is oriented mainly perpendicularly to the nonmagnetic sub- 
strate, and the soft magnetic underlayer 2 is formed with a 
muhilayer structure having soft magnetic layers 21A and 
2 IB, and one or more separation layers 22 interposed 
between the soft magnetic layers, and at least one of the soft 
magnetic layers 21A and 21B comprises a material with a 
structure having no magnetic domain walls. 
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BASIC -ABSTRACT: 

NOVELTY - An intermediate layer (13) and a vertical 

magnetization layer (14) 

are laminated sequentially on a soft-magnetism foundation 
layer (12) . The film 

thickness of the intermediate layer is set up more than the . 

film thickness of 

the vertical magnetization layer. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included 
for a magnetic 
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storage . 

USE - For high density recording. 

ADVANTAGE - Reduces medium noise originating in 
soft -magnetism foundation layer 
without reducing record sensitivity. 

DESCRIPTION OF DRAWING (S) - The figure shows the sectional 
view of the magnetic 

recording medium. (Drawing includes non-English language 
text) 

Soft -magnet ism foundation layer 12 

Intermediate layer 13 

Vertical magnetization layer 14 
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sublayer directly on the underlayer, the sublayer 
being a material selected from the group consisting of Ti and 
an alloy 

consisting of Ti and Cr, wherein the Ti is present in the 
TiCr alloy in an 

amount greater than or equal to 90 atomic percent and less 
than 100 atomic 

percent; and a Co alloy magnetic layer having perpendicular 

magnetic 

anisotropy directly on the sublayer. 

5. The disk according to claim 1 further comprising a 
magnetically 

permeable fliox return layer selected from the group 
consisting of NiFe, FeAlSi, 

FeTaN, FeN, CoFeB, CoTaZr, FeTaC and CoZrNb, the magnetically 
permeable flux 

return layer being located between the substrate and the 
underlayer . 

6. A perpendicular magnetic recording disk comprising: a 
substrate; an 

underlayer on the substrate, the underlayer consisting of the 
binary alloy NiAl 

wherein Al is present in the compositional range of 4 
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ction is scarcely recognized among the magnetic particles. 
It 

was impossible to identify the Curie temperature because of 
the change in the 

film structure. However, the Curie temperature was estimated 
at about 

300. degree. C. by extrapolation from the change with 
temperature up to 
200. degree. C. 

[0295] A magnetic recording medium according to the sixth 

embodiment of the 

present invention, which was schematically constructed as 
shown in FIG. 9, was 

prepared. Specifically, on a glass substrate having a 
diameter of 2.5 inches, 

a soft magnetic underlayer made of FeTaC and having a 
thickness of 50 nm, a Ti 

shielding layer having a thickness of 5 nm, a Pt underlayer 
having a thickness 

of 10 nm, a stacked functional layer having a thickness of 
18.8 nm, a stacked 

recording layer having a thickness of 15 nm and a protective 
layer made of 

carbon and having a thickness of 3 nm were successively 
formed by sputtering in 

the order mentioned, followed by coating with a lubricant so 
as to prepare the 
magnetic recording medium. 

[0297] The stacked recording layer was prepared by 
repeatedly depositing 

seven times a unit of [Co 0.3 nm/Pd 1.8 nm] . The fine 

structure of the 

recording layer was examined with TEM. It has been found 
that the Co magnetic 

crystal grains having a diameter of about 7 nm were separated 
from each other 

by the amorphous nonmagnetic material that was assumed to be 
CoO. Concerning 

the magnetic characteristics of the recordi 
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(57) ABSTRACT 
A magnetic recording medium has a substrate, a base layer 
formed on the substrate and including a magnetic material, 
a switching layer formed on the base layer and including a 
nonmagnetic material, and a recording layer fonned on the 
switching layer and having a structure comprising magnetic 
particles and a nonmagnetic wall buried between the mag- 
netic particles. The medium meets the condition of 
TcB>Tsw, where TcB is a Curie temperature of the base 
layer, and Tsw is a temperature at which the recording layer 
and the base layer begin to exert exchange coupling inter- 
action. 
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is shown in FIG. 2. Both 
the second undercoat film and the non-magnetic intermediate 
film 5 may be 

omitted. The second perpendicular magnetic film 6 are formed 
directly on the 

first perpendicular magnetic film 3. Accordingly, the first 
undercoat film 2 

is provided in the above -described magnetic recording medium, 

but the film 2 

may be omitted in the present invention. The magnetic 
recording medium not 

comprising the first undercoat film 2 is shown in FIG. 3. 

[0079] The material of the soft magnetic layer comprises 
material containing 

Co or Fe (e.g., alloys of CoZrNb, CoTaNb, permalloy, sendust 
FeTaC ) . 

[0083] A glass substrate 1 (diameter: 95 mm, thickness: 

0 . 8 mm) was set in 

the chamber of a DC magnetron sputtering apparatus (model 
3010: product of 

ANELVA Corporation) . Subsequently, the chamber was evacuated 
to 

2 . times . 10 . sup. -7 Pa. Thereafter, on the substrate 1, a 
first undercoat film 2 

comprising SiN, a first perpendicular magnetic film 3 
comprising TbFeCo, a 

second undercoat film 4 comprising Ru, a non-magnetic 

intermediate film 5 

comprising Co-35at %Cr-5at %Pt (Co35Cr5 
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(57) 



ABSTRACT 



The present invention provides a magnetic recording 
medium exhibiting excellent noise characteristics and ther- 
mal stability. On a substrate, a first undercoat fihn, a first 
perpendicular magnetic film, a second undercoat film, a 
non-magnetic intermediate film, a second perpendicular 
magnetic film, and a protective film are successively formed, 
and the magnetic anisotropy energy of the first perpendicular 
magnetic film is higher than that of the second perpendicular 
magnetic film. 
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MAGNETIC RECORDING MEDIUM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] Tliis application is an application filed under 35 
U.S.C. §lll(a) claiming benefit pursuant to 35 U.SC. 
§119(e)(l) of the filing date of Provisional Application 
60/192,546 filed Mar 28,2000 pursuant to 35 U.S.C. 
§lll(b). 

FIELD OF THE INVENTION 

[0002] The present invention relates to a magnetic record- 
ing medium which is employed in a magnetic disk apparatus 
and the like. 

BACKGROUND OF THE INVENTION 

[0003] A widely employed magnetic recording medium is 
of an in-plane recording type in which most of the easy- 
magnetization axes in the magnetic film are oriented hori- 
zontally with respect to the substrate. However, in such an 
in-plane magnetic recording medium, per-bit volume 
becomes exceedingly small and read-write characteristics 
may deteriorate when recording density is increased. 

[0004] In contrast, in a perpendicular magnetic recording 
medium, in which most of the easy-magnetization axes in 
the magnetic film are oriented vertically with respect to the 
substrate, recording density can be increased without dete- 
rioration of read-write characteristics. Therefore, a perpen- 
dicular magnetic recording medium has recently become of 
interest, and magnetic recording medium structures suitable 
for perpendicular magnetic recording have been proposed. 

[0005] For example, Japanese Patent Application Laid- 
Open (Kokai) Nos. 58-77025 and 58-141435 disclose that Ti 
is employed as a material for producing an undercoat layer 
of a perpendicular magnetic film comprising a Co alloy 
material. In addition, Japanese Patent Application Laid- 
Open (Kokai) No. 8-180360 discloses that an alloy of C6 
and Ru is employed as a material for producing the under- 
coat layer. 

[0006] In recent years, there has been demand for mag- 
netic recording media of higher recording density, and in 
accordance with this trend, improvement of noise charac- 
teristics has been required. However, conventional magnetic 
recording media are not necessarily satisfactory in terms of 
noise characteristics, and thus there has been demand for a 
magnetic recording medium that exhibits excellent noise 
characteristics. 

[0007] Meanwhile, in a conventional magnetic recording 
medium, particulariy when recording density is increased, a 
thermal flucniation phenomenon may arise. The term "ther- 
mal fluctuation phenomenon" refers to a phenomenon in 
which recording bits become unstable and recorded data are 
lost thermally. When such a phenomenon occurs, read-write 
output of recorded data may lessen with passage of time in 
a magnetic recording apparatus. 

[0008] In view of the foregoing, an object of the present 
invention is to provide a magnetic recording medium which 
exhibits excellent noise characteristics and rarely causes a 
thermal fluctuation phenomenon. 



SUMMARY OF THE INVENTION 

[0009] The present invention provides a magnetic record- 
ing medium comprising a substrate, a first perpendicular 
magnetic film, and a second perpendicular magnetic film in 
order, wherein the magnetic anisotropy energy of the first 
perpendicular magnetic film is higher than that of the second 
perpendicular magnetic film. 

[0010] Preferably, the first perpendicular magnetic film 
has a magnetic anisotropy energy of 5xl0^.erg/cc or more. 

[0011] Preferably, the ratio of residual magnetization to 
saturation magnetization in the first perpendicular magnetic 
film is 0.9 or more. 

[0012] The first perpendicular magnetic film may be a 
muhi-layer film in which layers of Co material, and Pt or Pd 
material are repeatedly stacked; an amorphous film contain- 
ing a rare earth element; or an ordered alloy, e.g., LIq- 
structured FePt, CoPt, (Fe^j.^jCoJjo Ptjo (n: 0-0.99). 

[0013] Preferably, the first perpendicular magnetic film 
has a thickness of 1-175 A, more preferably 1-100 A. 

[0014] Preferably, the second perpendicular magnetic film 
comprises any alloy of CbCrPt, CoCrTa, and CoCrPtX (X: 
one or more species selected from among Ta, Zr, Cu, Re, Nb, 
Si, Ge, and B). 

[0015] In the magnetic recording medium of the present 
invention, a non-magnetic intermediate film of hep structure 
may be provided under the second perpendicular magnetic 
fihn. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a partial sectional view showing an 
embodiment of the magnetic recording medium of the 
present invention. 

[0017] FIG. 2 is a partial sectional view showing another 
embodiment of the magnetic recording medium of the 
present invention. 

[0018] FIG. 3 is a partial sectional view showing yet 
another embodiment of the magnetic recording mediiun of 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] FIG. 1 is a schematic representation showing an 
embodiment of the magnetic recording medium of the 
present invention. The magnetic recording medium shown 
in FIG. 1 comprises a substrate 1, a first undercoat film 2, 
a first perpendicular magnetic film 3, a second undercoat 
film 4, a non-magnetic intermediate film 5, a second per- 
pendicular magnetic film 6, and a protective film 7, the films 
2 to 7 being successively formed on the substrate 1. 

[0020] The substrate 1 may be an aluminum alloy sub- 
strate on which an NiP plating film is formed, which is 
generally employed as a substrate for magnetic recording 
media; or a substrate of glass, ceramic, carbon, or flexible 
resin, which substrate may be coated with an NiP film 
through plating or sputtering. 

[0021] The first undercoat film 2 is provided to enhance 
the perpendicular magnetic anisotropy of the first perpen- 



03/28/2003, EAST Version: 1.03.0007 



us 2002/0012816 Al 



2 



Jan. 31, 2002 



dicular magnetic film 3, and may be formed of SiN, Pd, C, 
Cu, Pt or MgO. The first undercoat film 2 has a thickness of 
1,000 A or less. 

[0022] In an embodiment of the present invention, the first 
undercoat film may be omitted. 

[0023] The first perpendicular magnetic film 3 is a film 
formed of magnetic material, in which most of the easy- 
magnetization axes arc oriented vertically with respect to the 
substrate. 

[0024] The first perpendicular magnetic film 3 may be a 
multi-layer film in which layers of Co material, and Pt or Pd 
material are stacked repeatedly. 

[0025] Co material may be Co, a CoCr alloy, a CoCrPt 
alloy, a CoCrTa alloy, a CoCrPtX' alloy (X': one or more 
species selected from among Ta, Zr, Nb, Cu, Re, Ni, and D), 
or CoSiOs alloy. 

[0026] Pt material may be Pt or a Pi alloy. Pd material may 

be Pd or a Pd alloy. 

[0027] The first perpendicular magnetic film 3 may be an 
amorphous film containing a rare earth element; for 
example, an amorphous film formed of TbFeCo, GdCo, or 
NdDyFeCo or an ordered alloy, e.g., Llo-structured FePt, 
CoPt, (Fe(,.„jCoj5oPt5o (n: 0 - 0.99). 

[0028] The ratio of residual magnetization to saturation 
magnetization (hereinafter referred to as "Mr/Ms") in the 
first perpendicular magnetic film 3 is preferably 0.9 or more. 
When Mr/Ms falls within the above range, the gradient in 
the vicinity of residual magnetization becomes small in the 
hysteresis, and demagnetization rarely occurs. 

[0029] The first perpendicular magnetic film 3 preferably 
has a thickness of 1-175 A, more preferably 1-100 A. 

[0030] When the thickness is below the above range, 
insufficient magnetic flux is obtained, which induces a 
reduction in read-write output and deterioration of noise 
characteristics such as SNR. In contrast, when the thickness 
exceeds the above range, medium noise increases due to 
exchange bonding in the first perpendicular magnetic film 3. 

[0031] In the magnetic recording medium of an embodi- 
ment of the present invention, the first perpendicular mag- 
netic film 3 is a high-magnetic-anisotropy film in which the 
magnetic anisotropy energy is determined to be higher than 
that of the second perpendicular magnetic film 6. 

[0032] The first perpendicular magnetic film 3 preferably 
has a magnetic anisotropy energy of 5x10^ erg/cc or more, 
more preferably 1x10^ erg/cc or more. 

[0033] When the magnetic anisotropy energy is below the 
above range, magnetic fluctuation tends to arise on the 
surface of the second perpendicular magnetic film 6, which 
causes an increase in noise. In addition, coercive force (He) 
and magnetic anisotropy field (Hk) are reduced, and thermal 
stability is lowered. 

[0034] The second undercoat film 4 is provided to enhance 
the crystal orientation of the non-magnetic intermediate film 
5 and the second perpendicular magnetic film 6 and to 
enhance the perpendicular magnetic anisotropy of the film 6. 
The film 4 preferably comprises a material of hep structure. 



[0035] The second undercoat film 4 may be formed of a 
material containing one or more species selected from 
among Ru, Ti, Zr, C, Re, Y, Gd, Tb, and Hf as a primary 
component. The material may comprise any one of Ru, Ti, 
Zr, C, Re, Y, Gd, and Tb as a single element. Alternatively, 
the material may comprise an alloy containing any of these 
elements and Cr, Co, Fe, or Ni, in consideration of lattice 
matching of the film 4 with respect to the fiilms adjacent 
thereto (i.e., the first perpendicular magnetic film 3 and the 
second undercoat film 4). 

[0036] The second undercoat film 4 preferably has a 
thickness of 1,000 A or less. When the thickness exceeds the 
above range, crystal grains become large in the film 4, and 
this causes crystal grains to become large in the non- 
magnetic intermediate film 5 and the second perpendicular 
magnetic film 6, resulting in deterioration of noise charac- 
teristics. 

[0037] In an embodiment of the present invention, the 
second undercoat film may be omitted. 

[0038] The non -magnetic intermediate film 5 is provided 
to enhance the crystal orientation of the second perpendicu- 
lar magnetic film 6 formed on the film 5 and to enhance the 
perpendicular magnetic anisotropy of the second perpen- 
dicular magnetic film 6. The film 5 preferably comprises a 
non-magnetic material of hep structure. 

[0039] The material of the non-magnetic intermediate film 
5 preferably comprises any alloy selected from among CoCr, 
CoCrPt, CoCrTa, and CoCrPtX' (X': one or more species 
selected from among Ta, Zr, Nb, Cu, Re, Ni, and B). 

[0040] Particularly, the material of the non-magnetic inter- 
mediate film 5 comprises, as a primary component, a Co 
alloy containing Cr: 25-50 at %, Pt: 0-15 at %, X': 0-10 at 
%, and Co: the balance is preferred. 

[0041] The non-magnetic intermediate film 5 may either 
have a single-layer structure or a multi-layer structure. In the 
case of a multi-layer structure, the film 5 may be formed of 
a plurality of layers comprising a single material, or of a 
plurality of layers of dif^erent materials selected from the 
above-described materials. 

[0042] The non-magnetic intermediate film 5 preferably 
has a thickness of 500 A or less. 

[0043] When the thickness is in excess of 500 A, crystal 
grains tend to become large in the non -magnetic intermedi- 
ate film 5 and magnetic grains may become large in the 
second perpendicular magnetic film 6, and thus noise char- 
acteristics tend to deteriorate. 

[0044] The non -magnetic intermediate fihn 5 more pref- 
erably has a thickness of 50-200 A. Even when the non- 
magnetic intermediate film 5 has a multi-layer structure, the 
film has an overall thickness of 500 A or less, preferably 
50-200 A. 

[0045] In an embodiment of the present invention, the 
non-magnetic intermediate film may be omitted. 

[0046] The second perpendicular magnetic film 6 com- 
prises a magnetic material in which most of the easy- 
magnetization axes are oriented vertically with respect to the 
substrate. The material of the film 6 preferably comprises 
any alloy selected firom among CoCrPt, CoCrTa, and 
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CoCrPtX (X: one or more species selected from among Ta, 
Zr, Cu, Re, Nb, Si, Ge, and B). 

[0047] The second perpendicular magnetic film 6 more 
preferably comprises a Co alloy containing Cr: 13-25 at %, 
Pt: 0-18 at % (more preferably 0-15 at %), X: 0-5 at %, and 
Co: the balance. When the amount of each component falls 
outside the above range, noise characteristics deteriorate or 
read-write output decreases, which is unsatisfactory. 

[0048] The second perpendicular magnetic film 6 prefer- 
ably has a thickness of 100-1,000 A. When the thickness of 
the film 6 is less than 100 A, insufScient magnetic flux is 
obtained, thereby reducing read-write output and deteriorat- 
ing noise characteristics such as SNR. 

[0049] In contrast, when the thickness of the second 
perpendicular magnetic film 6 is in excess of 1,000 A, 
magnetic grains in the film 6 become large, and thus noise 
characteristics deteriorate, which is imsatisfactory. 

[0050] The second perpendicular magnetic film 6 more 
preferably has a thickness of 200-700 A, more preferably 
100-500 A. When the thickness falls within this range, 
read-write output can be further enhanced, and magnetic 
grains in the film 6 can be prevented from becoming large, 
thereby improving noise characteristics. 

[0051] In another magnetic recording medium of an 
embodiment of the present invention, the second perpen- 
dicular magnetic film 6 is a low magnetic anisotropy film in 
which the magnetic anisotropy energy is determined to be 
lower than that of the first perpendicular magnetic film. 

[0052] When the magnetic anisotropy energy exceeds the 
above range (i.e., when the magnetic anisotropy energy is 
equal to or higher than thai of the first perpendicular 
magnetic film), the boundaries of recording magnetic 
domains become non-linear; i.e., the boundaries tend to 
become jagged. Therefore, when recording density is 
increased, the effect of noise generated from the boundaries 
of the magnetic domains becomes large, and thus noise 
characteristics of the magnetic recording medium deterio- 
rate. 

[0053] The protective film 7 is provided to prevent cor- 
rosion of the second perpendicular magnetic film 6, to 
protect the surface of the medium from any damage when a 
head contacts the medium, and to enhance lubrication 
between the head and the medium. Conventional materials 
may be employed for the film 7, and examples of the 
materials include a single composition of C, Si02, or ZtO^, 
a composition comprising C, Si02, or Zr02 as a primary 
component and other elements. 

[0054] The protective film 7 preferably has a thickness of 
10-100 A. 

[0055] On the surface of the protective film 7, a lubrication 
film formed of perfluoropolyether, fluorinated alcohol, or 
fluorinated caiboxylic acid is preferably provided. 

[0056] In order to produce the magnetic recording medium 
comprising the above-described structure, firstly, the first 
undercoat film 2, the first perpendicular magnetic film 3, the 
second undercoat film 4, the non-magnetic intermediate film 
5, and the second perpendicular magnetic film 6 are succes- 
sively formed on the substrate 1 by means of a technique 
such as sputtering, vacuum deposition, or ion-plating. Sub- 



sequently, the protective film 7 may be formed on the film 
6 by means of plasma CVD, an ion-beam method, or 
sputtering. 

[0057] Incidentally, in order to form a lubrication film, a 
customary method such as dipping or spin coating may be 
employed. 

[0058] In another magnetic recording mediiun of an 
embodiment of the present invention, the second perpen- 
dicular magnetic film 6 of low magnetic anisotropy is 
provided on the first perpendicular magnetic film 3 of high 
magnetic anisotropy, and thus noise characteristics can be 
enhanced. 

[0059] In the medium comprising the above-described 
structure, noise characteristics can be enhanced for the 
reasons described below. 

[0060] In general, a magnetic recording medium compris- 
ing a magnetic film of high magnetic anisotropy has a large 
coercive force, and thus read-write output can be enhanced. 
However, the boundaries of recording magnetic domains 
become non-linear; i.e., the boundaries tend to be jagged. 
I^erefore, when recording density is increased, magnetic 
reversal occurs in the vicinity of the boundaries, thereby 
forming unclear boimdaries. As a result, noise tends to 
increase. 

[0061] In contrast, in a magnetic recording medium com- 
prising a magnetic film of low magnetic anisotropy, record- 
ing magnetic domains having linear boundaries tend to be 
formed, and thus noise may be suppressed. However, in such 
a medium, increasing read-write output is difficult compared 
with a magnetic recording mediimi comprising a magnetic 
film of high magnetic anisotropy. 

[0062] In another magnetic recording medium of an 
embodiment of the present invention, the first perpendicular 
magnetic film 3 of high magnetic anisotropy is provided 
under the second perpendicular magnetic film 6 of low 
magnetic anisotropy, and thus the distance between the film 
3 and a magnetic head is long during read- write. 

[0063] Therefore, even when the boundaries of recording 
magnetic domains become non-linear and magnetic reversal 
tends to occur in the first perpendicular magnetic film 3 of 
high magnetic anisotropy, noise is rarely detected and noise 
levels can be suppressed. 

[0064] Meanwhile, the distance between the second per- 
pendicular magnetic film 6 and a magnetic bead is short 
during read-write, and thus noise tends to be detected. 
However, since the first perpendicular magnetic film 3 of 
high magnetic anisotropy is provided, magnetic fluctuation 
can be prevented in the second perpendicular magnetic film 
6 due to magnetic bonding between the film 3 and the fihn 
6. Tbtis, an increase in noise can be prevented. 

[0065] In addition, since the magnetic anisotropy of the 
second perpendicular magnetic film 6 is detenmined to be 
lower, the boimdaries of recording magnetic domains in the 
film 6 become linear and noise attributed to the film 6 can 
be suppressed. 

[0066] Furthermore, read-write output can be increased, 
because the first perpendicular magnetic film 3, which has 
high magnetic anisotropy and a large coercive force, is 
provided. 
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[0067] Since the second perpendicular magnetic film 6 is 
provided (the distance between the film and a magnetic head 
is short during read-write), spacing loss can be reduced and 
read-write output can hirther be increased even when 
recording density is increased. 

[0068] As described above, in the magnetic recording 
medium of the embodiment, noise can be suppressed, read- 
write output level can be increased, and noise characteris- 
tics, such as SNR, can be enhanced. Therefore, recording 
density can be increased. 

[0069] In general, thermal stability is excellent in a 
medium that has large magnetocrystaUine anisotropy (Ku). 
This is because when magnetocrystaUine anisotropy (Ku) is 
strong, the gradient in the vicinity of residual magnetization 
is low in the hysteresis loop and demagnetization rarely 
occurs. 

[0070] In another magnetic recording medium of an 
embodiment of the present invention, since coercive force 
(He) and magnetic anisotropy field (Hk) are increased due to 
the provision of the first perpendicular magnetic film 3 of 
high magnetic anisotropy, thermal stability can be enhanced. 

[0071] As used herein, the term "thermal stability" refers 
to the degree of diSicully in occurrence of thermal decay. 

[0072] The term "thermal decay" refers to a phenomenon 
in which recording bits become unstable and recorded data 
are thermally lost. When such a phenomenon occurs, read- 
write output of recorded data may decrease with passage of 
time. 

[0073] In the magnetic recording medium, the non-mag- 
netic intermediate film 5 of hep structure is provided 
between the second undercoat film 4 and the second per- 
pendicular magnetic film 6. Thus, disturbance of crystal 
orientation in the film 6 is prevented at initial growth 
thereof. As a result, the crystal orientation and magnetic 
anisotropy of the film 6 are improved, coercive force and 
magnetic anisotropy field are easily set at a predetermined 
value, and noise characteristics and thermal stability can be 
reliably enhanced. 

[0074] The improvement of crystal orientation of the 
second perpendicular magnetic film 6 may be attributed to 
enhancement of lattice matching between the film 6 and the 
non-magnetic intermediate film 5 which is made to have an 
hep structure. 

[0075] Since the non-magnetic intermediate film 5 is pro- 
vided, the distance between the first perpendicular magnetic 
film 3 and the second perpendicular magnetic film 6 is long. 
Therefore, the distance between the film 3 and a magnetic 
head becomes long during read-write, and thus noise levels 
can be reduced. 

[0076] The magnetic recording medium having the above- 
described structure comprises the non-magnetic intermedi- 
ate film 5 which is formed of a material of hep structure. 
However, the magnetic recording medium of the present 
invention is not particularly limited to the above-described 
embodiment, and the non-magnetic intermediate film 5 may 
be omitted. The magnetic recording medium not comprising 
the non-magnetic intermediate fikn 5 is shown in FIG. 2. 
Both the second undercoat film and the eon- magnetic inter- 
mediate film 5 may be omitted. The second peipendicular 
magnetic film 6 are formed directly on the first perpendicu- 



lar magnetic fihn 3. Accordingly, the first undercoat film 2 
is provided in the above-described magnetic recording 
medium, but the film 2 may be omitted in the present 
invention. The magnetic recording medium not comprising 
the first undercoat film 2 is shown in FIG. 3. 

[0077] As used herein, the term "primary component" 
refers to a component which is contained in an amount of 
more than 50 at %. 

[0078] It is preferable to form a soft magnetic layer 
(soft-back layer) between the substrate 1 and the first 
undercoat film 2. 

[0079] The material of the soft magnetic layer comprises 
material containing Co or Fe (e.g., alloys of CoZrNb, 
CoTaNb, permalloy, sendust FeTaC). 

[0080] The thickness of the soft magnetic layer is prefer- 
ably 50 nm or more (preferably 100 nm or more, more 
preferably 200 nm or more). 

[0081] When the thickness of the soft magnetic layer is 
below the above range, it becomes difficult to form the 
loop-like magnetization curves. 

EXAMPLES 

[0082] The present invention will next be described in 
detail by way of specific examples. The magnetic recording 
medium shown in FIG. 1, 2 or 3 was produced as follows. 
Unless otherwise indicated herein, all parts, percents, ratios 
and the like are by weight. 

Test Example 1 

[0083] A glass substrate 1 (diameter: 95 mm, thickness: 
0.8 mm) was set in the chamber of a DC magnetron 
sputtering apparatus (model 3010: product of ANELVA 
Corporation). Subsequently, the chamber was evacuated to 
2x10 Pa. Thereafter, on the substrate 1, a first undercoat 
film 2 comprising SiN, a first perpendicular magnetic film 3 
comprising TbFeCo, a second undercoat film 4 comprising 
Ru, a non-magnetic intermediate film 5 comprising Co-35at 
%Cr-5at %Pt (Co35Cr5Pt), and a second perpendicular 
magnetic film 6 comprising Co-20 at %Cr-10 at %Pt-3 at 
%Ta (Co20CrlOPt3Ta) were sequentially formed by sput- 
tering. After forming a first perpendicular magnetic film 3, 
the substrate 1 was heated to 200* C. 

[0084] On the second perpendicular magnetic film 6, a 
carbon protective film 7 having a thickness of 70 A was 
formed through plasma CVD. 

[0085] On the carbon protective film 7, a perfluoroethcr 
lubrication film (thickness: 20 A) was formed through 
dipping. 

[0086] In the magnetic recording medium, the magnetic 
anisotropy energy of the first peipendicular magnetic film 3 
was determined to be higher than that of the second per- 
pendicular magnetic film 6. 

Test Example 2 

[0087] The procedure of Test Example 1 was repeated, 
except that the fiist undercoat film 2 and the first perpen- 
dicular magnetic film 3 were not provided to produce a 
magnetic recording medium. 
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Test Examples 3 through 6 

[0088] The procedure of Test Example 1 was repeated, 
except that different materials were employed for the first 
undercoat film 2 and the first perpendicular magnetic film 3 
to produce a magnetic recording medium. 

Test Examples 7 through 9 

[0089] ITie procedure of Test Example 1 was repealed, 
except that the thickness of the first perpendicular magnetic 
film 3 was changed to produce a magnetic recording 
medium. 

Test Examples 10 and 11 

[0090] The procedure of Test Example 1 was repeated, 
except that a dififerent material was employed for the first 
perpendicular magnetic film 3 to produce a magnetic record- 
ing medium. 

Test Examples 12 through 14 

[0091] The procedure of Test Example 1 was repeated, 
except that a different material was employed for the second 
undercoat film 4 to produce a magnetic recording medium. 

Test Examples 15 through 17 

[0092] The procedure of Test Example 1 was repeated, 
except that the thickness of the non-magnetic intermediate 
film 5 was changed to produce a magnetic recording 
medium. 

Test Example 18 through 20 

[0093] The procedure of Test Example 1 was repeated, 
except that the composition of the second perpendicular 
magnetic film 6 was changed to produce a magnetic record- 
ing medium. 

Test Examples 21 through 24 

[0094] The procedure of Test Example 1 was repealed, 
except that the thickness of the second perpendicular mag- 
netic fihn 6 was changed to produce a magnetic recording 
medium. 

Test Example 25 

[0095] The procedure of Test Example 1 was repeated, 
except that the first undercoat film 2 was not provided to 
produce a magnetic recording medium. 

Test Example 26 

[0096] The procedure of Test Example 1 was repeated, 
except that the non-magnclic intermediate film 5 was not 
provided to produce a magnetic recording medium. 

Test Example 27 

[0097] The procedure of Test Example 1 was repealed, 
except that the first undercoat film 2 and the first perpen- 
dicular magnetic film 3 were not provided to produce a 
magnetic recording medium. 

[0098] The magnetic anisotropy energy of the perpendicu- 
lar magnetic film 6 was determined at 7x10^ erg/cc. 



Test Example 28 

[0099] The procedure of Test Example 1 was repeated, 
except that the first undercoat film 2 and the first perpen- 
dicular magnetic film 3 were not provided to produce a 
magnetic recording medium. 

[0100] The magnetic anisotropy energy of the perpendicu- 
lar magnetic film 6 was detenmined at 1x10^ erg/cc. 

Test Example 29 

[0101] The procedure of Test Example 1 was repeated, 
except that the second undercoat film 4 and non-magnetic 
intermediate film 5 were not provided and different materials 
were employed for the first perpendicular magnetic film 3. 

Test Examples 30 through 31 

[0102] The procedure of Test Example 1 was repeated, 
except that the different materials were employed for the first 
undercoat film 2 and the first perpendicular magnetic film 3. 

Test Example 32 

[0103] The procedure of Test Example 1 was repeated, 
except that the different materials and thickness were 
employed for the second perpendicular magnetic film 6. 

Test Example 33 

[0104] The procedure of Text Example 1 was repeated, 
except that the soft-back layer was provided and different 
materials and thickness were employed for the second 
perpendicular magnetic film 6. 

[0105] The magnetic recording media produced in the 
above test examples were subjected to measurement of 
magnetostatic characteristics by use of a Kerr effect mea- 
siu'ement apparatus. In addition, the magnetic recording 
media were subjected to measurement of electromagnetic 
conversion characteristics, e.g., signal to noise ratio (SNR) 
by use of read/write analyzer RWA1632 and spin stand 
S1701MP (products of GURIK). In order to evaluate SNR, 
measurement was performed by use of a complex- type thin 
film magnetic recording head containing a giant magnetore- 
sistance (GMR) element at a read-write portion as a mag- 
netic head, and track-recording density was set at 150 kFCl. 
Table 1 shows the results of measurement of the magnetic 
recording media in the above-described Test Examples in 
terms of magnetostatic characteristics and SNR. 

[0106] In addition, the magnetic recording media were 
subjected to measurement of thermal decay by use of the 
aforementioned complex-type thin film magnetic recording 
head as a magnetic head at a track recording density of 150 
KFCI and a temperature of 25^ C. In order to obtain thennal 
decay, the rate of reduction in output (%/decade) with 
respect to output immediately after recording was calculated 
on the basis of log{(So-S)xlOO/So}/3. 'Ilie results are shown 
in Table 1. As used herein, Sq represents output immediately 
after signals are written in the magnetic recording medium, 
and S represents output 1,000 seconds after the writing of 
the signals. 

[0107] Id Table 1, the symbol "element A/element fi" 
refers to a multi-layer fihn which is formed by alternately 
and repeatedly stacking layers of elements A and B. 
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TABLE 1-1 



First undercoat First perpendicular Second Non-magnetic 

film magnetic film undercoat Blm intennediale film 





Thick- 




Thick- 


Thick- 




Thick- 




Co tnpo- ness 




ness 


Compo- 


ness 
(A) 




ness 




sition (A) 


Composition (A) 


sition 


Composition 


(A) 


Test 


SiN 200 


TbFeCo 


50 


Ru 


100 


Co35Cr5Pt 


100 


Ex.1 
















Test 









Ru 


100 


0)35Cr5Pl 


100 


Ex. 2 
















Test 


Pt 100 


Co/Pt 


50 


Ru 


100 


Co3SCr5Pt 


100 


Ex. 3 
















Test 


Pt 100 


Co/Pd 


50 


Ru 


100 


Co35Q5Pt 


100 


Ex. 4 
















Test 


Pt 100 


CoCr/Pt 


50 


Ru 


100 


Co35Cr5Pt 


100 


Ex. 5 
















Test 


Pt 100 


CoCr/Pd 


50 


Ru 


100 


Co35Cr5Pt 


100 


Ex.6 
















•Rist 


SiN 200 


'n)FcCo 


10 


Ru 


100 


Co35Cr5Pl 


100 


Ex. 7 
















Test 


SiN 200 


TbFeCo 


100 


Ru 


100 


Co35Q5Pt 


100 


Ex. 8 
















Test 


SL\ 200 


TbFeCo 


200 


Ru 


100 


Co35Cr5Pt 


100 


Ex. 9 
















Test 


SiN 200 


GdCo 


50 


Ru 


100 


Co35Cr5Pt 


100 


Ex. 10 
















Test 


SiN 200 


NdDyFeCo 50 


Ru 


100 


.-^ Tift 

Co35Cr5Pt 


100 


Ex. 11 
















Test 


SiN 200 


TbFeCo 


50 


Ti 


100 




Tim 


Ex. 12 
















Test 


SiN 200 


TbFeCo 


50 


Zr 


100 




100 


Ex. 13 
















Test 


SiN 200 


TbFeCo 


50 


C 


100 


Co35a5Pt 


100 


Ex. 14 




























Electro- 






Second peipendicular 




First perpendicular 


magnetic 






magnetic fibn 




magnetic film 


conversion 








Thick- 


Coercive 


Anisotiophy 




characteristics 


Thermal 






ness 


force 


energy 


Mr/Ms 


SNR 


decay 




Composition 


(A) 


(Oe) 


(erg/cc) 


(-) 


(db) 


(%/decade) 


Test 


Co20CrlOPt3Tb 


500 


4500 


2.0E + 07 


0.99 


2120 


0.05 


Ex.1 
















Test 


Co20CrlOPl3Tl» 


500 


3500 






18.60 


0.40 


Ex.2 
















Test 


Cb20CrlOPl3'R 


500 


4200 


4.0E + 07 


0.97 


20.10 


0.10 


Ex. 3 
















Test 


Cb20CrlOPt3U 


500 


4200 




0.99 


20.20 


0.08 


Ex. 4 
















Test 


Co20CrlOPt3U 


500 


4200 


l.OE + 07 


0.96 


20.30 


0.12 


Ex. 5 
















Test 


a)20CrlOPt3'Di 


500 


4200 




0.96 


20.20 


0.12 


Ex.6 
















Test 


Co20aiOPt3Tli 


500 


3800 




0.91 


22.00 


0.08 


Ex. 7 
















Test 


Q)20CrlOPt3'R 


500 


4100 




0.99 


20.50 


0.03 


Ex. 8 
















Test 


Cb20CrlOPt3T)i 


500 


4300 




3.00 


17.50 


0.02 


Ex. 9 
















Test 


Q>20CrlOPtnii 


500 




1.5E + 07 


0.96 


20.60 


0.05 


Ex. 10 
















Test 


Q>20CrlOPGTi 


500 




1.0E + 07 


0.95 


20.40 


0.05 


Ex.11 
















Test 


Q)20CrlOPt3'ni 


500 


4300 






20.20 


0.04 


Ex. 12 
















Test 


Co20CrlOPt3Tli 


500 


4000 






20.20 


0.04 


Ex. 13 
















Test 


Co20CrlOPl3'ni 


500 


4200 






21.50 


0.06 


Ex. 14 
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[0108] 

TABLE 1-2 



First undercoat First perpendicular Second Non-magnetic 

film magnettc film undercoat film intcnnediate film 







Thick- 




Thick- 




Thick- 




Thick- 




ConipO' 


ness 




ness 


Compo- 


ness 




ness 




sition 


(A) 


Composition (A) 


sition 


(A) 


Composition 


(A) 


Test 


SiN 


200 


TbFeCo 


50 


Ru 


100 


Co35Cr5Pt 


20 


Ex. 15 


















Test 


SiN 


200 


TbFeCb 


50 


Ru 


100 


Co35Cr5Pl 


500 


Ex. 16 


















Test 


SiN 


200 


'n)FeCo 


50 


Ru 


100 


C035Q5PI 


800 


Ex. 17 


















Test 


SiN 


200 


TbFeCo 


50 


Ru 


100 


Co35Cr5Pt 


100 


Ex. 18 


















Test 


SiN 


200 


TbFeCo 


50 


Ru 


100 


Co35Cr5Pt 


100 


Ex. 19 


















Test 


SuN 


200 


TbFeCo 


50 


Ru 


100 


Co35Cr5Pt 


100 


Ex. 20 


















Test 


SiN 


200 


TbFeCo 


50 


Ru 


100 


Co35Cr5Pt 


100 


Ex. 21 


















Test 


SiN 


200 


TbFeCb 


50 


Ru 


100 


Co35Cr5Pt 


100 


Ex. 22 


















Test 


SiN 


200 


TbFeCo 


50 


Ru 


100 


Co35Cr5Pt 


100 


Ex. 23 


















Test 


SiN 


200 


TbFeCo 


50 


Ru 


100 


Co35Cr5Pt 


100 


Ex. 24 


















Test 






TbFeCo 


50 


Ru 


100 


Co35Cr5Pt 


100 


Ex. 25 


















Test 


SiN 


200 


TbFeCo 


50 


Ru 


100 






Ex. 26 


















Test 








— 


Ru 


100 


Co35Cr5Pl 


100 


Ex. 27 


















Test 










Ru 


100 


Co35Cr5Pt 


100 


Ex. 28 
































Electro- 






Second perpendicular 




First perpendicular 


magnetic 








magnetic 


film 




magnetic film 


conversion 










Thick- 


Coercive 


Anisotrophy 




characteristics 


Thermal 








ness 


force 


energy 


Mr/Ms 


SNR 


decay 




Cbmposition 


(A) 


(Oc) 


(erg/cc) 


(-) 


(db) 


(%/decaae) 


Test 


Co20CrlOPt3'R 


500 


3900 










Ex. 15 


















Test 


Co20CrlOPt31k 


500 


4300 






21.80 


0.07 


Ex. 16 


















Test 


Co20aiOPt3U 


500 


3600 






17.80 


0.15 


Ex. 17 


















Test 


Q>21CrlOPt 


500 


4400 






20.40 


0.04 


Ex. 18 


















Test 


Cb22Crl2Pt4B 


500 


4400 






2^20 


0.05 


Ex. 19 


















Test 


Co21QSPt2'ni2Zr 


500 


4000 






20.90 


0.06 


Ex.20 


















Test 


CO20Crl0Pt3'n 


50 


2600 






15.80 


0.05 


Ex. 21 


















Test 


Co20CrlOPt3'I^ 


100 


3700 






20.40 


0.05 


Ex. 22 


















Test 


Cb20CrlOPt3Tli 


1000 


4000 






20.40 


0.04 


Ex. 23 


















Test 


Co20CrlOPt3m 


1500 


3800 






18.50 


0.03 


Ex. 24 


















Test 


Cb20Q10Pt3Ti 


500 


4000 




0.95 


21.00 


0.05 


Ex. 25 


















Test 


a)2oaiopt3U 


500 


3800 






21.00 


0.04 


Ex. 26 


















Test 


Q)20aiOPt3Tli 


500 


3900 






18.40 


0.14 


Ex. 27 


















Test 


Q>20aiOPt3Tft 


500 


3900 






20.80 


0.38 



Ex.28 
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[0109] 



TABLE 1-3 



First undercoat Hrst perpendicular Second Non-magnetic 

film magnetic film undercoat film intermediate film 

Soft Thick- Thick- Thick- Thick- Thick- 
back oess Compo- ness Com- ness Compo- ness ness 
layer (A) sitton (A) position (A) sition (A) Composition (A) 



Test 






Pt 


200 


a>Cr/Pt 


100 










Ex. 






















29 






















Test 






MgO 


100 


FePt 


100 










Ex. 






















30 






















Test 






MgO 


100 


FePl 


100 


Ru 


50 


Co35Cr5Pt 


50 


Ex. 






















31 






















Test 






Pt 


200 


CoSi02/ 


150 










Ex. 










Pd 












32 






















Test 


CoZrNB 


3000 


Pt 


200 


CoB/Pd 


150 










Ex. 






















33 























Electro- 
Second perpendicular First peipendicular magnetic 
magnetic film magnetic film conversion 







Thick- 


Coercive 


An iso trophy 




characteristics 


Thermal 






ness 

(A) 


force 


energy 


Mr/Ms 


SNR 


decay 




Composition 


(Oe) 


(erg/cc) 


(-) 


(db) 


(%/decade) 


Test 


Co20CrlOPt3Tlj 


300 


4200 






21.5 


0.03 


Ex. 
















29 
















Test 


Co20CrlOPt2B 


200 


5300 


7.00E + 07 


0.98 


22.5 


0.01 


Ex. 
















30 
















Test 


Co20CrlOPt2B 


300 


5700 






21.5 


0.02 


Ex. 
















31 
















Test 


Co20Crl0Pt2B 


200 


4800 






22.9 


0.04 


Ex. 
















32 
















Tfcst 


Co20Crl0Pt2B 


200 


5000 






20.8 


0.03 


Ex. 
















33 

















•In the column "anisotropy energy/' "AE + B" refers to A x 10^. 



[0110] As is apparent from Table 1, among Test Examples 
1 through 6, the magnetic recording media of Test Examples 

1 and 3 through 5 comprising the first perpendicular mag- 
netic film 3 exhibited excellent noise characteristics com- 
pared with the magnetic recording medium of Test Example 

2 which did not have the first perpendicular magnetic film 3. 

[0111] Comparison among Test Examples 1 and 7 through 
9 revealed that the magnetic recording media of Test 
Examples 1, 7, and 8 comprising the first perpendicular 
magnetic film 3 having a thickness of 1-100 A exhibited 
excellent noise characteristics compared with the magnetic 
recording medium of Test Example 9 comprising the film 3 
having a thickness outside the above range. 

[0112] Comparison among Test Examples 1, 10, and 11 
revealed that the magnetic recording media comprising the 
first perpendicular magnetic film 3 formed of different 
materials shown in Table 1 exhibited excellent noise char- 
acteristics. 



[0113] Comparison among Test Examples 1 and 12 
through 14 revealed that the magnetic recording media 
comprising the second undercoat film 4 formed of different 
materials shown in Table 1 exhibited excellent noise char- 
acteristics. 

[0114] Comparison among Test Examples 1 and 15 
through 17 revealed that the magnetic recording media of 
Test Examples 1, 15, and 16 comprising the non-magnetic 
intermediate film 5 having a thickness of 500 A or less (or 
the media not comprising the film 5) exhibited excellent 
noise characteristics compared with the magnetic recording 
mediimi of Test Example 17 comprising the film 5 having a 
thickness outside the above range. 

[0115] Comparison among Test Examples 1 and 18 
through 20 revealed that the magnetic recording media 
comprising the second perpendicular magnetic fihn 6 
formed of different compositions in the above-described 
range exhibited excellent noise characteristics. 
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[0116] Comparison among Test Examples 1 and 21 
through 24 revealed thai the magnetic recording media of 
Test Examples 1, 22, and 23 comprising the second perpen- 
dicular magnetic film 6 having a thickness of 100-1,000 A 
exhibited excellent noise characteristics compared with the 
magnetic recording media of Test Examples 21 and 24 
comprising the film 6 having a thickness outside the above 
range. 

[0117] Comparison of Test Example 1 with Test Example 

25 revealed that, although good noise characteristics can be 
obtained when a first undercoat fihn 2 is not provided, a 
structure with a first undercoat film 2 yields more excellent 
noise characteristics. 

[0118] Comparison of Test Example 1 with Test Example 

26 revealed that, although good noise characteristics can be 
obtained when a non-magnetic intermediate film 5 is not 
provided, a structure with a non-magnetic intermediate film 
5 exhibits more excellent noise characteristics. 

[0119] Comparison among Test Examples 1, 27, and 28 
revealed that the magnetic recording medium of Test 
Example 1, which comprises the first and second perpen- 
dicular magnetic films 3 and 6, in which the magnetic 
anisotropy energy of the fikn 3 is determined to be higher 
than that of the film 6, exhibited excellent noise character- 
istics and thermal stability compared with the magnetic 
recording media of Test Examples 27 and 28, which did not 
comprise a first perpendicular magnetic film 3, and exhibited 
either poor noise characteristics or lower thermal stability. 

[0120] As described above, the magnetic recording 
medium of the present invention comprises a substrate, a 
first perpendicular magnetic film, and a second perpendicu- 
lar magnetic film in order, in which the magnetic anisotropy 
energy of the first magnetic film is determined to be higher 
than that of the second magnetic film. Therefore, in the 
magnetic recording medium of the present invention, noise 
can be suppressed, read-write output can be increased, and 
noise characteristics such as SNR can be enhanced, and thus 
recording density can be increased. 

[0121] In the magnetic recording medium of the present 
invention, a first perpendicular magnetic film of high mag- 
netic anisotropy is provided, and thus coercive force and 
magnetic anisotropy field can be increased and thermal 
stability can be enhanced. 

[0122] While the invention has been described in detail 
and with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes and 
modifications can be made therein without departing from 
the spirit and scope thereof. 

What is claimed is: 

1. A magnetic recording medium comprising a substrate, 
a first perpendicular magnetic film, and a second perpen- 
dicular magnetic film in order, wherein a magnetic anisot- 
ropy energy of the first perpendicular magnetic film is higher 
than that of the second perpendicular magnetic film. 



2. A magnetic recording medium according to claim 1, 
wherein the first perpendicular magnetic film has a magnetic 
anisotropy energy of 5x10^ erg/cc or more. 

3. A magnetic recording medium according to claim 1, 
wherein a ratio of residual magnetization to saturation 
magnetization in the first perpendicular magnetic film is 0.9 
or more. 

4. A magnetic recording medium according to claim 2, 
wherein a ratio of residual magnetization to saturation 
magnetization in the first perpendicular magnetic film is 0.9 
or more. 

5. A magnetic recording medium according to claim 1, 
wherein the first perpendicular magnetic film is a multi-layer 
film comprising layers of Co material, and Pt or Pd material 
repeatedly stacked. 

6. A magnetic recording medium according to claim 2, 
wherein the first perpendicular magnetic film is a multi-layer 
fihn comprising layers of Co material, and Pt or Pd material 
repeatedly stacked. 

7. A magnetic recording medium according to claim 1, 
wherein the first perpendicular magnetic film is an amor- 
phous film containing a rare earth element. 

8. A magnetic recording medium according to claim 2, 
wherein the first perpendicular magnetic film is an amor- 
phous film containing a rare earth element. 

9. A magnetic recording medium according to claim 1 or 
2, wherein the first perpendicular magnetic film comprises 
an ordered alloy selected from the group consisting of 
Llo-structured FePt, CoPt or (Fe^.^^Co JjoPtjo (n: 0-0.99). 

10. A magnetic recording medium according to claim 1, 
wherein the first perpendicular magnetic film has a thickness 
of 1-175 A. 

11. A magnetic recording medium according to claim 2, 
wherein the first perpendicular magnetic film has a thickness 
of 1-175 A. 

12. A magnetic recording medium according to claim 1, 
wherein the second perpendicular magnetic film comprises 
any alloy selected from the group consisting of CoCrPt, 
CoCrTa, and CoCrPtX, wherein X is one or more species 
selected from the group consisting of Ta, Zr, Cu, Re, Sib, Si, 
Ge, and B. 

13. A magnetic recording medium according to claim 2, 
wherein the second perpendicular magnetic film comprises 
any alloy selected from the group consisting of CoCrPt, 
CoCrTa, and CoCrPlX, wherein X is one or more species 
selected from the group consisting of Ta, Zr, Cu, Re, Nb, Si, 
Ge, and B. 

14. A magnetic recording medium according to claim 1, 
wherein a non-magnetic intermediate film of hep structure is 
provided under the second perpendicular magnetic film. 

15. A magnetic recording medium according to claim 2, 
wherein a non-magnetic intermediate film of hep structure is 
provided under the second perpendicular magnetic film. 

16. A magnetic recording medium according to claim 1 or 
2, wherein a soft-back layer is formed under the first 
undercoat film. 

« « * ♦ ♦ 



03/28/2003, EAST Version: 1.03.0007 



